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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be, able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  ior  a more  congenial  one,  or  to  rise  to  a higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student’s  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a statement, 
explanation,  or  description  clear  is  to  give  a picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 


PREFACE 


V 


indexes  are  so  full  and  complete,  that  it  can  at  once  be  made 
available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and  when 
it  should  be  used. 

The  first  part  of  this  volume  treats  on  the  construction, 
installation,  care,  and  management  of  steam  engines,  both 
simple  and  compound.  The  various  types  of  engines  are 
discussed  and  explained,  and  the  indicator  and  indicator 
diagrams  are  very  fully  treated.  The  treatment  accorded 
to  the  subject  of  steam  engines  is  amply  sufficient  to  enable 
a fireman  or  engineer  to  pass  any  of  the  usual  examinations 
preliminary  to  the  granting  of  a license.  Special  attention 
is  called  to  the  latter  portion  of  this  volume,  which  contains 
a thorough  treatment  of  the  various  types  of  elevators  now 
in  use.  Full  descriptions  are  given  regarding  their  con- 
struction, care,  and  management,  and  this  is  believed  to  be 
the  first  attempt  in  print  to  give  a connected  account  of  this 
indispensable  adjunct  to  the  modern  office  building. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself ; hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a number.  This  number  is  placed  at  the 
top  of  each  page,  on  the  headline,  opposite  the  page  num- 
ber; and  to  distinguish  it  from«the  page  number  it  is  preceded 
by  the  printer’s  section  mark  (§).  Consequently,  a reference 
such  as  § IG,  page  26,  will  be  readily  found  by  looking 
along  the  inside  edges  of  the  headlines  until  § 16  is  found, 
and  then  through  § 16  until  page  26  is  found. 
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THE  STEAM  ENGINE. 


INTEODUCTIOlSr. 


CLASSIFICATION^  OF  STEAM  ENGINES. 

1.  The  great  number  of  the  types  of  the  steam  engine 
may  be  classified  as  follows: 

1.  According  to  the  kind  of  service,  as  stationary^  loco- 
motive^ marine,  etc. 

2.  According  to  number  and  arrangement  of  cylinders, 
as  simple^  compound^  triple  expansion,  quadruple  expansioii, 
duplex,  ete. 

3.  According  to  the  type  of  valve  used  to  control  the 
distribution  of  steam,  as  plain  slide  valve,  automatic  cut-off, 
Corliss,  etc. 

4.  According  to  the  motion  of  the  piston,  as  reciproca- 
ting, rotary. 

Each  of  these  types  may  be  horizontal  or  vertical,  con- 
densing or  non-condensing,  and,  except  the  rotary  engine, 
single-acting  or  double-acting. 

2.  All  the  different  types  of  reciprocating  engines  involve 
essentially  the  same  principles,  and  therefore  the  descrip- 
tion of  a single  type  will  be  sufficient  to  give  a general 
knowledge  of  these  principles.  For  this  purpose  we  shall 
choose  the  simple  slide-valve  engine,  which  is  the  engine  in 
most  common  use. 

§ 23 
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THE  RECIPROCATING  STEAM  ENGINE. 

3.  Steam  may  do  work  by  acting  on  a piston  working  in 
a cylinder  so  as  to  lift  weights  or  overcome  the  pressure  of 
the  atmosphere ; in  most  cases,  however,  the  work  can  best 
be  done  through  the  action  of  shafts  and  wheels  having  a 
continuous  rotary  motion;  it  is  therefore  essential  that  some 


method  of  changing  the  to-and-fro,  or  reciprocating,  motion 
of  the  piston  into  a continuous  rotary  motion  should  be 
devised.  The  form  of  mechanism  used  for  this  purpose 
in  practically  all  types  of  reciprocating  engines  is  shown  in 
diagrammatic  form  in  Fig.  1. 

The  steam  from  the  boiler  enters  one  end — say,  in  this 
case,  the  end  li — of  the  cylinder,  and  pushes  the  piston  to 
the  other  end.  By  means  of  another  mechanism,  called  the 
valve,  the  steam  is  now  admitted  to  the  end  c of  the  cylin- 
der, while  the  end  h is  at  the  same  time  allowed  to  com- 
municate with  the  atmosphere  or  with  a condenser.  The 
steam  in  h escapes,  while  that  in  c pushes  back  the  piston  to 
its  original  position,  whence  the  same  operation  is  repeated. 

Attached  to  the  piston,  and  forming  a part  of  it,  is  the 
piston  rod  C B\  to  the  end  of  C B is  fastened,  by  a joint, 
one  end  of  the  link  B A.  The  other  end  of  B A is  joined  to 
the  link  A O;  and  the  other  end  of  A O terminates  in  a 
shaft  O,  which  is  fixed  in  stationary  bearings.  It  is  evident 
that  the  end  of  B A which  is  attached  to  C B can  move 
only  in  a straight  line;  and  since  the  shaft  O can  only 
rotate  in  its  bearings,  the  end  of  A O which  is  attached 
to  B A can  move  only  in  a circle. 

4.  When  the  piston  is  at  one  extreme  end  of  the  cylin- 
der, say  at  //,  the  joint  A is  at  the  point  in^  and  all  three 
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links,  AO,  BA,  and  C B,  lie  in  a straight  line.  As  the 
piston  moves  to  the  right,  the  link  C B moves  also  to  the 
right,  while  the  joint  A must  move  in  a semicircle  m n. 
When arrives  at  the  other  end  of  the  cylinder,  the  joint  A 
is  at  n,  and  again  A O,  BA,  and  C B are  in  a straight  line. 
The  piston  now  moves  back  to  the  end  h of  the  cylinder,  the 
joint  A moving  in  the  other  semicircle  from  n to  vi. 

The  link  A (9  is  called  the  crank,  B A the  coniiectiiig-- 
rod,  and  C B the  piston  rod.  Those  parts  that  have  a 
to-and-fro,  or  reciprocating,  motion  are  called  the  recipro- 
cating^ parts. 

The  end  h of  the  cylinder  is  called  the  head  end,  and  the 
end  c the  crank  end.  The  distance  passed  over  by  the  piston 
during  half  a revolution  of  the  crank  is  called  the  stroke, 
and  is  plainly  equal  to  the  diameter  of  the  circle  described 
by  the  end  of  the  crank — that  is,  the  distance  in  n. 

5.  The  engine  may  run  in  the  direction  shown  by  the 
arrow  in  the  figure  or  it  may  run  in  the  reverse  direction. 
In  the  former  case  it  is  said  to  run  over  and  in  the  latter 
case  to  run  under. 

The  stroke  from  the  head  end  to  the  crank  end  of  the 
cylinder,  that  is,  from  left  to  right  in  the  figure,  is  called 
the  forward  stroke ; the  one  from  crank  end  to  head  end, 
the  return  stroke. 

The  above  simple  mechanism  perfectly  fulfils  the  office 
of  giving  a continuous  rotary  motion  in  one  direction.  A 
pulley  is  keyed  to  the  shaft  O and  the  power  is  transferred 
by  belting  from  the  pulley  to  shafting  or  directly  to  the 
machinery  to  be  run. 


COXSTBXTCTION^  OF  A PLAIN!  SLIDE- 
VALVE  EISGINTE. 

6.  In  Fig.  2,  the  construction  of  a plain  slide-valve 
engine  is  shown,  and  in  Fig.  3 is  shown  a section  of  a steam 
cylinder.  Referring  to  these  figures,  H is  the  head  end 
and  C the  crank  end  of  the  steam  cylinder;  B and  B'  are 
the  steam  ports;  D is  the  steam  chest;  E is  the  exhaust 


Fig. 


Fig.  3. 

the  crankpin;  7 is  the  crank-shaft;  8 is  the  flywheel;  0 is  the 
eccentric;  10  is  the  eccentric  strap;  11  is  the  eccentric  rod; 
12  is  the  rocker ; 13  is  the  valve  rod  or  stem  ; and  Vis  the  slide 
valve.  These  are  all  niovable  parts  of  the  engine,  or  parts  that 
change  their  relative  positions  when  the  engine  is  in  motion. 
The  eccentric,  eccentric  strap,  eccentric  rod,  rocker,  valve 
stem,  and  slide  valve,  which  form  the  mechanism  by  means  of 
which  the  steam  is  distributed,  when  considered  as  a whole, 
are  termed  the  valve  ^ear  of  the  engine. 
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port ; N and  N'  are  the  cylinder  heads ; N is  the  steam-supply 
pipe ; O is  the  exhaust  pipe,  and  connects  with  the  exhaust 
port  A;  A is  one  of  the  two  guide  bars;  R and  R'  are  the 
shaft  bearings;  and  A is  the  bed,  or  frame,  of  the  engine. 
The  above  are  all  stationary  parts  of  the  engine,  or  parts 
that  do  not  change  their  relative  positions  when  the  engine 
is  in  motion.  P is  the  piston;  1 is  the  piston  rod;  2 is  the 
crosshead;  3 is  the  crosshead  pin,  which  is  often  called  the 
wristpin ; If  is  the  connecting-rod ; 5 is  the  crank ; 6 is 
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7.  The  working  length  of  the  cylinder  is  shown  by 
the  dimension  line  JV.  It  is  slightly  less  than  the  dis- 
tance between  the  cylinder  heads,  since  a small  space  must 
be  left  between  the  head  and, the  piston,  when  the  latter  is  at 
the  end  of  its  stroke.  The  stroke  of  the  engine  is  the  travel 
of  the  piston  P;  since  the  piston  and  crosshead  are  rigidly 
fastened  to  the  same  rod,  the  stroke  must  also  be  equal  to 
the  travel  of  the  crosshead.  It  was  shown  in  Fig.  1 that  the 
stroke  i-s  also  equal  to  the  diameter  of  the  circle  described  by 
the  crankpin  6,  or,  what  is  the  same  thing,  it  is  equal  to 
twice  the  length  of  the  crank  5,  this  length  being  measured 
from  the  center  of  the  crankpin  6 to  the  center  of  the  crank- 
shaft 7.  The  diameter  or  bore  of  the  cylinder  is  represented 
by  jTI. 

8.  The  size  of  an  engine  is  generally  expressed  by  giving 
the  diameter  of  the  cylinder  and  the  stroke  in  inches.  Thus, 
an  engine  having  a cylinder  diameter  of  16  inches  and  a 
stroke  of  22  inches  is  called  a 16"  X 22"  engine. 

9.  At  the  ends  A and  P'  the  cylinder  is  counter  bored — 
that  is,  for  a short  distance  the  bore  is  greater  than  M. 
The  piston  projects  partly  into  this  counterbore  at  the  end 
of  each  stroke.  Were  it  not  for  the  counterbore,  the  piston 
would  not  wear  the  cylinder  walls  their  entire  length,  and 
shoulders  would  be  formed  at  each  end  of  the  cylinder. 
When  the  wear  of  the  joints  in  the  connecting-rod  is  taken 
up,  the  length  of  the  connecting-rod  is  slightly  increased, 
and  the  piston  is  shoved  back  slightly  towards  the  head  end 
of  the  cylinder.  In  this  case,  the  shoulder  would  cause  an 
undesirable  pounding  of  the  piston. 

Drain  cocks  W and  W’\  Fig.  3,  are  fitted  to  each  end  of 
the  cylinder,  through  which  any  condensed  steam  may  be 
discharged. 

10.  The  piston  fits  loosely  in  the  cylinder  and  has  split 
rings  k and  k'  inserted,  which  spring  out  so  as  to  press 
against  the  walls  of  the  cylinder  and  prevent  leakage  of 
steam  between  the  wall  of  the  cylinder  and  piston.  Pistons 
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are  usually  supplied  with  a follower  plate  h,  which  is  bolted 
to  the  head  end  of  the  piston  P in  order  to  hold  these  split 
rings  k and  P in  place.  The  piston  rod  i is  a round  bar 
rigidly  connected  to  both  the  piston  Pand  the  crosshead  2. 

11.  A stuffingbox  K in  which  packing  is  placed  is  fitted 
with  a gland  y,  which,  when  bolted  down,  compresses  the 
packing  around  the  piston  rod  1 and  makes  a steam-tight 
joint.  This  packing  is  usually  made  in  the  form  of  split 
rings,  which  are  so  placed  that  the  split  of  the  first  ring  is 
covered  by  the  solid  part  of  the  next  ring.  When  repacking, 
care  should  be  taken  not  to  cause  unnecessary  friction  by  too 
much  pressure  from  the  gland.  The  guide  bars,  as  6^, 
Fig.  2,  constrain  the  crosshead  2 to  move  exactly  in  line  with 
the  axis  of  the  cylinder,  thus  relieving  the  piston  rod  of  all 
bending  stresses. 

The  connecting-rod  forms  the  connecting  link  between 
the  crosshead  and  crank  5.  The  joint  between  crosshead  2 
and  connecting-rod  is  made  by  the  crosshead  pin  y and 
that  between  the  connecting-rod  and  crank  by  the  crank- 
pin  6.  Connecting-rods  are  usually  made  from  4 to  6 times 
the  length  of  the  crank,  or  from  4 to  6 “ cranks  ” in  length. 


THE  ECCENTRIC. 

12.  Fig.  4 shows  the  eccentric  that  imparts  motion  to 
the  slide  valve  Fin  Figs.  2 and  3.  It  consists  of  a circular 
disk  of  iron  which  is  keyed  or  fastened  by  setscrews  to  the 
shaft  and  revolves  with  it.  The  center  of  this  disk,  which 
is  called  the  eccentric  sheave,  is  at  O.  It  is  evident 
that,  as  the  shaft  revolves,  the  center  O of  the  sheave  a will 
describe  the  dotted  circle  b,  whose  center  is  the  center  of  the 
shaft.  Consequently,  the  eccentric  straps:  and  the  eccentric 
rod  y to  which  it  is  fastened,  will  be  moved  horizontally, 
during  a half  revolution,  a distance  equal  to  the  diameter  e 
of  the  dotted  circle.  This  distance  e is  commonly  called 
the  throw  of  the  eccentric.  The  distance  O Q between  the 
center  of  the  eccentric  and  center  of  the  shaft  is  called  the 
radius  of  the  eccentric  or  the  eeeeiitrieity.  It  is  plain 
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that  the  throw  is  Hvicc  the  radius.  Attention  is  here  called 
to  the  fact  that  practice  varies  somewhat  in  the  definition  of 


Fig.  4. 


the  term  throiv.  Some  engineers  call  the  radius  the  throw, 
but  by  far  the  greater  part  define  throw  as  here  given. 

13.  The  eccentric  is  equivalent  to  a crank  whose  length 
is  equal  to  the  radius  of  the  eccentric.  Thus,  if  the  end  of 
the  eccentric  rod  d were  attached  at  O to  the  crank  f 
(shown  in  dotted  lines),  the  crank  would  give  the  same 
motion  to  the  rod  that  the  eccentric  does.  In  plain  slide- 
valve  engines,  the  eccentric  is  usually  keyed  to  the  shaft 
after  being  properly  adjusted. 

The  connection  between  the  eccentric  rod  11,  Fig.  2,  and 
the  valve  stem  13  is  accomplished  in  a variety  of  ways.  In 
Fig.  2,  a rocker-arm  12  is  used  to  support  the  joint  between 
the  eccentric  rod  11  and  the  valve  stem  13.  The  latter 
must  be  supported  in  some  manner  to  prevent  its  binding 
in  its  stuffingbox. 

14.  Motion  of  Eccentric*  and  Valve. — As  the  motion 
of  the  valve  is  given  by  the  eccentric,  the  valve  is  in 
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mid-position  in  a horizontal  engine  when  the  radius  of  the 
eccentric  is  in  a vertical  position.  When  Q O,  Fig.  4,  lies 
horizontally  on  the  right  side  of  Q,  the  valve  V (see  Fig.  2)  is 
in  its  position  nearest  the  head  end  of  the  steam  chest,  and 
when  O Q lies  horizontally  on  the  left  side  of  the  valve  is 
at  the  end  of  its  stroke  towards  the  crank  end  of  the  steam 
chest. 


THE  D SLIDE  VALVE  STEAM 

DISTinBUTIO:^!. 


ACTION  OF  SEIOE  VALVE. 

15.  I)escrix3tion  of  tlie  Slide  Valve. — Of  the  different 
kind  of  valves  used  to  distribute  the  steam  in  the  engine 
cylinder,  the  D slide  valve  is  the  most  common.  A section 
of  such  a valve  is  shown  in  Fig.  5 in  its  central  position; 


/,  p are  the  steam  ports,  o,  o the  bridges,  E the  exhaust 
port,  N T the  valve  seat.  The  flanges  of  the  valve, 
a b and  c are  seen  to  be  wider  than  the  ports  that  they 
cover.  Of  this  extra  width,  the  parts  c are  called  the 
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outside  lap,  and  the  parts  /,  f the  inside  lap.  The  valve 
is  here  shown  in  mid-position,  i.  e.,  the  center  line  n of  the 
valve  coincides  with  the  center  line  in  of  the  exhaust  port. 


10.  Action  of  Valve  AVitliont  Eap  oi*  Tjcad.— Fig.  6 
shows  five  diagrams  that  represent  a D slide  valve  without  lap 
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or  lead.  Oa  represents  the  crank;  Ob  the  eccentric,  which 
was  shown  to  be  equivalent  to  a crank;  ac  the  connecting- 
rod;  and  b d the  eccentric  rod.  It  should  be  remembered 
that  the  relative  sizes  of  some  of  the  parts  have  been  greatly 
exaggerated,  particularly  the  radius  of  the  eccentric  circle 
and  the  amount  of  clearance.  Diagram  N,  Fig.  G,  repre- 
sents the  piston  just  on  the  point  of  beginning  the  forward 
stroke.  The  valve  is  moving  in  the  direction  of  the  arrow, 
and  the  outer  edge  is  just  about  to  admit  steam  to  the  left- 
hand  port.  As  will  be  seen,  the  valve  is  in  its  central  posi- 
tion, and,  consequently,  the  line  joining  the  center  of  the 
shaft  and  the  center  of  the  eccentric  (this  line  will  here- 
after be  called  the  eooeiitric  I'udiiis)  is  vertical.  All  the 
parts  are  about  to  move  in  the  direction  of  the  arrows.  Dia- 
gram 1)  shows  the  positions  of  the  parts  when  the  crank  has 
moved  through  90°  from  its  position  in  A.  The  piston  is  at 
the  middle  of  its  stroke,  or  very  nearly  there.  It  would  be 
exactly  at  the  middle  of  its  stroke  but  for  the  fact  that  the 
connecting-rod  makes  an  angle  with  the  horizontal.  It  will 
be  assumed  here  that  this  has  no  effect  on  the  position  of  the 
piston.  The  valve  has  reached  the  extreme  limit  of  its  travel 
to  the  right  and  the  eccentric  radius  Ob  is  horizontal.  'The 
left  steam  port  is  fully  opened  for  the  live  steam  and  the 
right  steam  port  is  fully  opened  for  the  exhaust.  Another 
crank  movement  of  90°  places  the  different  parts  as  shown 
in  diagram  C.  The  piston  has  reached  the  end  of  its  for- 
ward stroke;  the  valve  is  in  its  central  position  moving 
towards  the  left,  and  having  just  closed  the  left  steam  j)ort 
and  the  right  exhaust  port,  is  about  to  open  the  right  port 
for  the  admission  of  live  steam  and  the  left  port  for  the 
release  of  exhaust  steam.  The  piston  has  now  traveled  one 
full  stroke.  Diagram  D shows  the  piston  in  its  central 
position  on  the  return  stroke.  The  crank  is  in  the  posi- 
tion Oa\  the  eccentric  is  horizontal,  as  represented  by  Ob^ 
and  the  valve  is  at  the  farthest  point  of  its  travel  to  the 
left,  the  right  port  being  fully  open  for  live  steam  and  the 
left  port  fully  open  for  exhaust.  In  the  diagram  A the  j)is- 
ton  has  reached  the  extreme  point  of  the  return  stroke,  the 
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piston  rod,  connecting-rod,  and  crank  being  all  in  one 
straight  line ; this  also  occurs  in  diagrams  A (which  is  the 
same  as  E)  and  C.  The  valve  has  been  moving  to  the  right 
and  is  now  in  its  central  position,  just  on  the  point  of  admit- 
ting steam  to  the  left  port. 

These  diagrams  show  that,  with  no  lap  or  lead,  the  steam 
is  admitted  to  the  cylinder  for  the  full  stroke  of  the  engine; 
consequently,  there  can  be  no  cut-off,  and  therefore  no 
expansion  of  steam. 

The  following  conclusion  is  now  evident:  With  an  ordi- 
nary D slide  valve,  operated  by  an  eccentric,  there  can  be  no 
cut-o  ff,  and  therefore  7io  expansion  of  steam,  imless  the  valve 
has  outside  lap. 

17,  Eap  and  Angle  of  Advance. — The  effect  of  lap  on 
the  relative  movement  of  the  valve  and  piston,  and  also  on 
the  movement  of  the  eccentric  and  crank,  is  clearly  shown 
in  Figs.  7 to  14.  In  these  figures,  the  valve  has  both  out- 
side and  inside  lap,  but  no  lead.  These  diagrams  have 
been  distorted,  as  was  done  in  Fig.  6,  in  order  that  the 
eccentric  radius  might  be  long  enough  to  show  up  well.  In 
Figs.  7 to  14  the  eccentric  radius  is  three  times  as  long  as  it 
should  be  for  the  amount  of  valve  movement  shown  by  the 
figure.  The  diameter  of  the  crank  circle  is  also  a little 
greater  than  the  stroke  of  the  piston,  for  the  same  reason. 

18.  TMagrani  of  Pressures  111  Cylinder. — In  order  to 
show  the  distribution  of  steam  by  the  valve,  a diagram  has 
been  drawn  above  and  below  each  cylinder,  those  above  being 
marked  M and  those  below  N.  These  diagrams  are  sup- 
posed to  be  drawn  in  the  following  manner:  Imagine  it  to 
be  possible  to  connect  two  small  pipes  to  the  piston,  one  on 
each  side.  Suppose  each  pipe  to  have  a steam-tight  piston 
working  in  it,  the  lower  side  of  the  pistons  being  subjected 
to  the  steam  pressure  in  the  cylinder  and  the  upper  side  to 
the  atmospheric  pressure.  Suppose,  further,  that  there  is 
a coiled  spring  on  top  of  the  piston ; that  a piston  rod  passes 
through  the  center  of  the  spring;  and  that  a pencil  is 
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attached  to  the  end  of  the  piston  rod.  If  a pressure  of 
10  pounds  is  required  to  compress  the  spring  1 inch,  it  is 
evident  that  for  every  10  pounds  pressure  in  the  cylinder,  the 
pencil  will  move  upwards  1 inch,  and  if  it  touched  a sheet  of 
paper,  would  mark  a line  on  that  paper.  It  will  now  be 
presumed  that  an  arrangement  like  that  just  described  is 
attached  to  the  steam-engine  piston,  and  that  the  pencil 
touches  a sheet  of  paper  that  is  held  stationary.  Then, 
when  the  steam-engine  piston  moves  ahead,  the  pencil  will 
make  straight  lines  at  heights  corresponding  to  the  steam 
pressure  on  the  under  sides  of  the  little  pistons,  except  when 
the  pressure  of  the  steam  in  the  cylinder  varies,  in  which 
case  the  pencil  will  move  up  or  down,  according  as  the  preS' 
sure  increases  or  diminishes. 

10.  Having  made  these  suppositions  clear,  let 
Figs.  7 to  14,  represent  the  line  that  the  pencil  would  trace 
if  there  were  a perfect  vacuum  in  the  cylinder;  i.  e.,  Q X \s 
the  line  of  no  pressure;  also  let  AB  represent  the  line 
the  pencil  would  trace  if  the  pressure  in  the  cylinder  was 
just  equal  to  that  of  the  atmosphere,  and  Q Y the  line  of 
no  volume.  Then  the  point  Q represents  no  volume  and 
no  pressure.  Finally,  let  ID  represent  the  volume  of 
clearance. 

20.  Ang;le  of  Advance. — Consider  Fig.  7.  The  piston 
is  represented  as  just  beginning  the  forward  stroke  and  the 
valve  as  just  commencing  to  open  the  left  steam  port,  both 
moving  in  the  same  direction,  as  shown  by  the  arrows.  If 
the  valve  had  no  outside  lap,  the  position  of  the  eccentric 
center  would  be  at  but  on  account  of  the  lap,  the  valve 
had  to  be  moved  ahead  of  its  central  position  in  order  to 
bring  its  edge  to  the  edge  of  the  port.  To  accomplish  this, 
the  eccentric  center  has  been  moved  from  e to  by  O b being 
the  position  of  the  eccentric  radius.  The  angle  bOe  that 
the  eccentric  radius  makes  with  the  position  it  would 
be  in  if  there  were  no  lap  or  lead  is  called  the  angle  of 
advance, 
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21,  Back  Pressure. — Assume  that  the  piston  and  valve 
have  moved  a very  small  distance,  just  sufficient  to  admit 
steam  to  fill  the  clearance  space  on  the  left  of  the  piston,  so 
that  the  steam  acts  on  the  piston  at  full  boiler  pressure.  If 
the  length  of  the  line  A 1 represents  the  boiler  pressure 
(gauge),  the  pencil  that  registers  the  pressure  on  the  left 
side  of  the  piston  will  be  at  1.  The  steam  on  the  right  side 
of  the  piston  is  flowing  (exhausting)  into  the  atmosphere 
through  the  exhaust  port,  as  shown  by  the  arrow.  As  the 
size  of  the  exhaust  port  is  limited  by  practical  considera- 
tions, the  exhaust  is  not  perfectly  free,  and  there  is  a slight 
pressure  on  the  exhaust  side  of  the  piston  in  addition  to  the 
atmospheric  pressure.  This  is  termed  Back  pressure. 
Therefore,  in  the  diagram  N,  let  1 be  the  position  of  the 
second  pencil ; then,  1 B is  the  back  pressure. 

22,  Exliaust  Port  Fully  Open. — Fig.  8 shows  the  posi- 
tion of  the  piston  and  valve  when  the  exhaust  port  is  fully 
open.  The  crank  has  moved  from  the  position  O f (shown 
by  dotted  line)  O a and  the  eccentric  center  from  ^ to  b. 
Steam  is  entering  the  head  end  of  the  cylinder  and  exhaust- 
ing at  the  crank  end.  The  pencils  have  moved  from  i to  ^ 
on  both  diagrams  J\I  and  N. 

23.  A alve  at  the  Fiid  of  Its  Stroke. — In  Fig.  9,  the 
piston  has  advanced  far  enough  to  enable  the  valve  to  reach 
the  end  of  its  stroke  and  open  the  port  its  full  width.  The 
crank  and  eccentric  have  moved  to  the  positions  O a and  O b, 
the  dotted*  lines  showing  their  last  position  in  Fig.  8.  The 
eccentric  radius  is  horizontal,  and  any  further  movement 
of  the  crank  will  cause  the  eccentric  to  travel  in  the  lower 
half  of  its  circle  and  make  the  valve  move  back.  In  the 
diagrams  M and  A",  the  pencil  has  traced  the  lines  2-3. 

24.  Valve  on  Beturn  Stroke,  Steam  Port  Partly 
Closed. — Fig.  10  shows  the  piston  still  farther  advanced  on 
its  stroke  and  the  valve  as  having  its  inside  edge  in  line 
with  the  outside  edge  of  the  exhaust  port.  The  left  end  of 


16 


THE  STEAM  ENGINE. 


Fig.  9. 


§23 


THE  STEAM  ENGINE. 


17 


the  valve  has  partially  closed  the  steam  port.  The  amount 
of  advancement  of  the  crank  and  eccentric  from  their  last 
positions  is  shown  by  their  distances  from  the  dotted  lines. 
The  pencils  have  traced  the  lines  on  the  diagrams  AI 
and  N during  this  movement  of  the  piston  from  the  last 
position. 

25.  Point  of  Cut-Off. — Fig.  11  marks  one  of  the  most 
important  points  of  the  stroke.  Here  the  valve  has  closed 


the  steam  port,  i.  e.,  cut  off  the  steam,  and  from  here  to  the 
end  of  the  stroke  the  steam  in  the  cylinder  expands.  This 
is  called  the  point  of  ciit-off.  .The  exhaust  port  is  now 
partially  closed.  The  crank  and  eccentric  have  moved 
through  the  angles  indicated.  During  this  movement,  the 
pencils  have  traced  the  lines 

26.  Point  of  Compression. — Fig.  12  shows  another 
very  important  valve  position.  Here  the  inside  edge  of  the 
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valve  closes  the  exhaust  port,  and  from  now  to  the  end  of 
the  stroke,  the  steam  in  front  of  the  piston  is  compressed. 
This  point  in  the  stroke  is  called  the  point  of  compression. 


In  the  diagrams  M and  the  lines  5-6  are  traced  by  the 
pencils.  The  line  5-6  on  the  diagram  M is  an  expansion 
line,  the  pressure  falling  as  the  piston  moves  ahead. 

37.  Point  of  Release. — In  Fig.  13,  the  piston  has 
advanced  far  enough  to  cause  the  left  inside  edge  of  the  valve 
to  be  in  line  with  the  inside  edge  of  the  left  port.  The 
slightest  movement  of  the  valve  to  the  left  will  open  the 
left  port  so  that  the  steam  in  the  left  end  of  the  cylinder 
will  pass  into  the  exhaust  port.  This  point  of  the  stroke  is 
called  the  point  of  release.  The  work  done  by  expan- 
sion theoretically  ends  here,  although,  on  account  of  the 
limitation  in  the  size  of  the  ports,  there  will  still  be  a slight 
amount  of  work  done  by  expansion,  owing  to  the  inabili:;y 
of  the  steam  to  escape  instantly.  During  this  last  move- 
ment of  the  piston,  the  pencils  trace  the  lines  6-5  on  the 
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diagrams  M and  N.  On  the  diagram  J\I  the  line  S-l  is  a 
continuation  of  the  expansion  line  5-6,  while  in  the  dia- 


gram N it  shows  part  of  the  compression  line,  the  pressure 
rapidly  increasing  as  the  piston  nears  the  end  of  the  stroke. 

28.  Piston  at  End  of  Stroke. — In  Fig.  14,  the  piston 
has  reached  the  end  of  its  forward  stroke  and  is  about  to 
begin  the  return  stroke.  The  right  outside  edge  of  the 
valve  is  in  line  with  the  outside  edge  of  the  right  port.  The 
steam  is  exhausting  from  the  head  end  of  the  cylinder,  as 
shown  by  the  arrows.  The  crank  and  eccentric  are  both 
diametrically  opposite  their  positions  in  Fig.  7.  In  the 
diagrams  M and  N,  the  pencils  have  traced  the  lines  5-8. 
M shows  that  the  pressure  has  fallen  very  rapidly  from 
7 to  8,  while  in  N it  has  risen  from  7 to  8.  The  very 
slightest  movement  of  the  piston  to  the  left  will  admit  steam 
to  the  crank  end  of  the  cylinder  and  cause  the  pencil  to  rise 
to  the  point  1' . 


N 
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During  the  return  stroke  the  above-described  actions  of 
the  steam  will  be  repeated,  the  pencils  tracing  the  dotted 
lines  on  the  diagrams  M and  N in  Fig.  14  and  the  exhaust 
going  through  the  left  port  and  the  steam  through  the  right 


port.  As  the  process  is  so  nearly  like  the  preceding,  the 
diagrams  have  not  been  drawn,  but  the  student  should  fol- 
low the  valve  through  the  different  positions  and  note  the 
effects  on  the  diagrams.  To  assist  him  in  this,  the  corre- 
sponding points  have  been  numbered  as  in  the  foregoing 
figures. 

29.  EfTeets  of  Dap. — A study  of  Figs.  7 to  14  should 
show  the  effects  caused  by  varying  the  lap.  Thus,  in  Fig.  11, 
it  is  evident  that  if  the  outside  lap  had  been  less,  the  valve 
would  not  close  the  left  port  when  its  center  was  in  the 
position  shown;  consequently,  the  piston  must  move  farther 
ahead  before  the  valve  can  move  back  far  enough- to  close 
the  port.  This,  of  course,  makes  the  cut-off  take  place  later 
in  the  stroke  and  shortens  the  expansion.  It  is  likewise 
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evident  that  if  the  valve  had  more  lap,  this  extra  lap  would 
extend  beyond  the  port  when  the  center  of  the  valve  was  in 
the  position  shown.  Therefore,  the  valve  would  cut  off 
earlier  in  the  stroke  and  the  expansion  would  be  lengthened. 
Hence,  increasing  the  outside  lap  means  an  earlier  cut-off 
and  an  increasing  expansion^  zvliile  decreasing  the  outside  lap 
means  a later  eut-off  and  a diminished  expansion, 

30.  Considering  the  inside  lap,  it  is  evident  from  Fig.  12 
that  if  the  inside  lap  had  been  less,  the  exhaust  port  would 
not  have  closed  so  soon,  and  consequently  the  compression 
would  have  been  lat^r;  had  the  inside  lap  been  greater,  the 
compression  would  have  begun  earlier.  Fig.  13  shows 
that  with  a diminished  inside  lap,  the  release  would  begin 
earlier,  while  with  an  increased  inside  lap,  the  release 
would  have  taken  place  later  in  the  stroke.  Increasing  the 
inside  lap  eauses  the  eompression  to  begin  earlier  in  the  stroke 
and  ca?ises  the  release  to  take  place  later.  On  the  other  hand, 
diminishing  the  inside  lap  eauses  the  compression  to  begin 
later  and  the  release  to  take  place  earlier  in  the  stroke. 

31.  Head. — In  Fig.  7 the  piston  is  just  commencing  the 
forward  stroke  and  the  valve  is  just  about  to  uncover  the 


left  steam  port.  Most  engineers,  however^  prefer  to  have 
the  port  a little  open  when  the  piston  is  at  the  end  of  the 
stroke.  That  is,  the  valve,  instead  of  being  just  at  the  edge 
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of  the  port,  as  shown  in  Fig.  7,  is  moved  inch  or-J-  inch  to 
the  right,  so  that  the  clearance  space  is  filled  with  fresh 
steam  before  the  piston  begins  its  stroke.  A valve  with  lead 
is  shown  in  Fig.  15.  Here  the  piston  is  at  the  end  of  the 
stroke  and  the  port  is  open  a distance  a b.  This  distance  a b 
is  the  lead. 

Since,  when  a valve  has  lead,  it  is  moved  farther  to  the 
right  than  in  the  position  shown  in  Fig.  7,  it  is  evident  that 
the  center  b of  the  eccentric  must  also  be  moved  a little 
farther  to  the  right.  Fig.  7.  That  is,  to  give  a valve  lead, 
the  angle  of  advance  must  be  increased. 

32.  I’osition  of  the  Fecentrie. — AVhen  the  plain  slide 
valve  has  neither  lap  nor  lead,  as  in  the  skeleton  diagrams. 
Fig.  0,  it  was  shown  that  the  eccentric  must  make  an  angle 
of  90°  with  the  crank.  Further,  when  the  engine  “runs 
over,”  as  in  Fig.  G,  the  eccentric  is  ahead  of  the  crank. 
That  is,  following  the  direction  of  the  arrows,  the  eccentric/; 
reaches  any  point  on  its  circle  a quarter  of  a revolution 
before  the  crank  a does.  Referring  now  to  Figs.  7 to  14,  it 
is  seen  that  when  the  valve  has  lap  (or  lap  and  lead),  the 
angle  a O b between  the  crank  and  eccentric  is  greater 
than  90°.  Following  the  direction  of  the  arrows,  it  is  seen, 
however,  that  the  eccentric  b reaches,  say,  the  lowest  point 
on  the  circle  earlier  than  the  crank  a reaches  the  lowest 
point  on  its  circle.  That  is,  the  eccentric  is  ahead  of  the 
crank,  as  in  the  above  case. 

Take  now  the  case  of  an  engine  that  “ runs  under,”  as 
shown  in  Fig.  16.  The  crank  is  in  position  a and  is  about 


to  move  downwards.  Now,  the  eccentric  cannot  be  in  the 
position  O //,  for  then  it  would  move  the  valve  to  the  left. 
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It  cannot  be  opposite,  in  the  position  O g,  for  in  that  case, 
the  valve  would  not  be  far  enough  to  the  right.  It  must  be 
in  the  position  O b.  An  inspection  of  the  diagram  shows 
that,  following  the  direction  of  the  arrows,  the  eccentric  is 
set  ahead  of  the  crank,  and  the  angle  between  the  crank  and 
eccentric  \?>  a O b = 90'’  -f-  the  angle  of  advance. 

Hence,  for  the  ordinary  slide  valve,  the  following  general 
direction  applies  : When  the  valve  rod  and  eeeentrie  rod  move 
in  the  same  direetion^  the  eeeentrie  is  set  ahead  of  the  era?ih, 
and  the  angle  betiveen  the  erank  and  eeeentrie  is  90°  -|- 
angle  of  advanee.  This  law  is  true  whether  the  engine 
runs  “over”  or  “under.” 

33.  Rocker- Arms. — It  frequently  happens  that  the 
eccentric  cannot  be  so  located  on  the  shaft  (in  the  direction 
of  its  length)  that  the  eccentric  rod  and  valve  stem  will  be 
in  the  same  straight  line.  It  can  never  be  done  when  the 
valve  is  on  top  of  the  cylinder  without  inclining  the  valve 
seat,  now  very  seldom  done,  and  with  the  valve  on  the  side 
of  the  cylinder,  other  considerations,  such  as  the  location  of 
the  flywheel,  may  interfere.  In  such  cases  as  this,  a lever  or 
rocker-arm  may  be  used. 

An  example  is  shown  in  Fig.  2.  It  is  perfectly  evident 
that  when  the  eccentric  rod  11  moves  to  the  left,  the  valve 
rod  13  will  also  move  to  the  left,  being  compelled  to  do  so 
by  reason  of  the  rocker-arm  12.  It  is  also  plain  that  the 
amount  of  horizontal  movement  of  the  valve  rod  will  be  the 
same  as  it  would  be  if  the  eccentric  were  attached  directly 
to  the  valve  rod,  thus  getting  rid  of  the  rocker-arm.  The 
reason  for  using  the  rocker-arm  in  this  case  is  that  the 
eccentric-rod  axis  and  valve-stem  axis  are  not  in  the  same 
straight  line,  the  eccentric  then  being  thrown  too  far  to  the 
left  by  the  main  bearing  R' . The  valve  seat  could,  in  this 
case,  have  been  placed  farther  from  the  center  of  the  cylin- 
der, so  as  to  bring  the  axes  of  the  two  rods  in  line.  This, 
however,  would  have  made  the  steam  and  exhaust  ports  that 
mueh  longer.  Since  it  is  considered  an  advantage  to  have 
ports  as  short  as  possible,  a rocker-arm  was  used. 
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34.  Again,  it  is  sometimes  desirable  to  make  the  throw 
of  the  eccentric  less  than  the  valve  travel.  This  may  be 
accomplished  by  the  use  of  a rocker-arm,  as  shown  in 
Fig.  17.  This  rocker  is  pivoted  at  ^ and  rotates  about  that 
point  as  a center.  The  valve  rod  is  joined  to  the  rocker  at 
the  end  e and  the  eccentric  rod  is  joined  at  a point 
between  e and  g. 

Then,  the  eccentric  throw  must  be  smaller  than  the  valve 


travel  by  the  ratio  : ge 


For  example,  suppose 


the  valve  travel  to  be  4 inches,  the  distance  = 12  inches, 
and  ge=15  inches.  Then,  the  throw  of  the  eccentric 
iT  d 

= 4 inches  X ^ — = 4 X 44  = 3.2  inches. 


Fig.  17. 


When  the  rocker  is  arranged  as  in  Fig.  17,  whether  the 
engine  runs  over,  as  in  the  upper  figure,  or  under,  as  in 
the  lower  figure,  the  valve  rod  and  eccentric  rod  move  in  the 
same  direction.  Consequently,  by  the  direction  previously 
given,  the  eccentric  is  set  90°  -j-  angle  of  advance  ahead  of 
the  crank. 

35.  It  is  often  convenient  to  pivot  the  rocker  near  the 
center,  as  shown  in  Fig.  18.  Here  the  points  c and  d^  where 
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the  valve  and  eccentric  rods,  respectively,  join  the  rocker, 
lie  on  opposite  sides  of  the  pivot  As  before,  we  have  the 


Fig. 18. 


proportion  — throw  of  eccentric  : valve  travel  : g-e, 

^ ci 

or  throw  of  eccentric  = valve  travel  X — . 


It  is  easily  seen,  however,  that  when  the  rocker  is  pivoted 
near  the  center,  as  in  Fig.  18,  the  valve  rod  and  eccentric 
rod  move  in  opposite  directions.  Consequently,  to  give  the 
valve  the  proper  motion,  the  eccentric  rod  must  at  all  times 
move  in  a direction  exactly  opposite  the  direction  of  a rod 
attached  as  shown  in  Fig.  17.  This  can  only  be  accom- 
plished by  placing  the  eccentric  exactly  opposite  the  position 
shown  in  Fig.  17.  That  is,  instead  of  placing  the  eccentric 
90°  -f-  angle  of  advance  ahead  of  the  crank,  it  must  be 
placed  90°  — angle  of  advance  behind  the  crank.  We  have, 
therefore,  the  general  direction : In  the  case  of  the  plain  slide 
valve ^ if  a rocker  is  so  pivoted  as  to  make  the  valve  rod  and 
eccentric  rod  move  in  opposite  directions^  the  eccentric  must  be 
placed  behind  the  cranky  and  the  angle  betzvcen  the  two  is 
90°  — angle  of  advance. 


36.  Direct  and  Indirect  Talwes. — A slide  valve  is 
said  to  be  direct  when  it  opens  the  left  port  upon  moving 
to  the  right  and  closes  it  by  moving  to  the  left.  A valve 
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is  said  to  be  indirect  when  it  opens  the  left  steam  port  by 
moving  to  the  left  and  closes  it  by  moving  to  the  right. 

The  plain  slide  valve  already  described  is  a direct  valve. 
It  opens  the  left  port  by  moving  to  the  right,  admits  steam 
past  the  outside  edge,  and  exhausts  it  past  the  inside  edge. 

37.  The  piston  valve  shown  in  Fig.  19  is  an  example 
of  an  indirect  valve.  It  consists  of  a hollow  cylinder  sliding 


Fig.  19. 

in  a cylindrical  valve  seat.  The  ports  P,  P extend  clear 
around  the  valve.  The  steam  is  admitted  into  the  central 
chamber  A and  the  exhaust  steam  escapes  out  of  the  two 
ends  P,  B.  As  shown  in  the  figure,  the  piston  is  just  about 
to  start  to  the  right  and  the  valve  is  moving  to  the  left, 
thereby  uncovering  the  left  steam  port  and  allowing  the 
steam  to  enter  past  its  inside  edge.  The  valve  is,  therefore, 
indirect.  To  give  a,  larger  admission,  steam  also  passes 
into  the  center  of  the  valve  through  the  channel  G'and 
thence  into  the  left  port.  The  exhaust  steam  meanwhile 
escapes  directly  through  the  right  steam  port  into  the 
chamber  B. 

Attention  is  called  to  the  fact  that  a piston  valve  is  not 
necessarily  an  indirect  valve;  piston  valves  are  often  made 
as  direct  valves.  In  the  latter  case  their  action  is  exactly 
the  same  as  that  of  the  ordinary  plain  slide  valve. 
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38.  Eccentric  Positions  Witli  Indirect  Valves. — It 

is  plain  that  the  direction  of  motion  of  an  indirect  valve  is 
precisely  opposite  that  of  a direct  valve.  Hence,  as  before 
explained,  the  eccentric  must  be  set  exactly  opposite  the 
position  it  would  have  were  a direct  valve  used.  We  have, 
then,  the  following  direction  for  the  position  of  the  eccentric : 
When  an  indirect  valve  is  nsed^  set  the  eccentric  beliind  the 
crank  aird  make  the  angle  between  them  equal  90°  — the  angle 
of  advance.  If  a rocker  is  used  that  niakcs  the  valve  rod  and  the 
eccentric  rod  niovc  in  opposite  directions^  set  the  eccentric  aliead 
of  the  crank  and  make  the  angle  bctivccn  them  equal  to  90° 
-J-  the  angle  of  advance.  This  rules  applies  whether  the 
engine  runs  “under”  or  “over.” 

39.  Table  of  Eccentric  Positions. — The  position  of 
the  eccentric  relative  to  the  crank  for  both  the  direct  and 
indirect  valves,  direct  and  reversing  rocker-arms,  is  given 
in  the  table.  A rocker  of  the  character  shown  in  Fig.  17  will 
be  called  a direct  rocker.  One  that  changes  the  direction  of 
the  motion,  as  in  Fig.  18,  will  be  called  a reversing  rocker. 


ECCENTRIC  POSITIONS. 


Kind  of 
Valve. 

Kind  of 
Rocker- 
Arm. 

Angle  Between  Crank 
and  Eccentric. 

Position  of  Eccentric 
Relative  to  Crank. 

I 

Direct 

Direct 

90°  -f  angle  of  advance 

Ahead  of  crank 

II 

Direct 

Reversing 

90°  — angle  of  advance 

Behind  crank 

III 

Indirect 

Direct 

90°  — angle  of  advance 

Behind  crank 

IV 

Indirect 

1 

Reversing 

1 

90°  -f  angle  of  advance 

Ahead  of  crank 

The  above  table  may  be  applied  equally  well  whether  the 
engine  runs  over  or  runs  under.  It  is  simply  necessary  to 
remember  that  to  set  the  eccentric  ahead  of  the  crank  is  to 
set  it  so  that  it  reaches  a given  point  in  its  revolution  before 
the  crank  reaches  the  same  point  in  its  revolution.  For 
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example,  in  Fig.  16,  suppose  the  engine  to  run  under,  as 
shown  by  the  arrow.  Then,  the  eccentric  O bis  set  ahead  of 
the  crank  O a,  because  it  will  reach  the  line  O c before  the 
crank  will.  If  the  eccentric  were  in  the  position  O it  would 
be  behind  the  crank,  because  the  crank  would  reach  O e first. 
If,  now,  the  engine  should  be  supposed  to  “run  over,”  then, 
if  the  eccentric  were  in  position  O b or  O g,  it  would  be 
behind  the  crank;  if  in  position  O f or  O b\  it  would  be 
ahead  of  the  crank. 


BISTURBAXCE  OF  CUT-OFF  BY  THE  CONNECTING-ROH. 

40,  In  Fig.  20,  let  a b represent  the  path  of  the  center 
of  the  wristpin  and  c d the  circle  described  by  the  center  of 


the  crankpin.  Let  the  diameter  of  the  circle  f g equal  the 
throw  of  the  eccentric.  (This  is  shown  greatly  exaggerated. ) 
Assuming  the  crank  to  be  in  the  position  O c,  that  is,  on  the 
interior  dead  center,  the  length  of  the  line  a c will  represent 
the  length  of  the  connecting-rod.  We  shall  assume  that  the 
angle  of  advance  is  20° ; further,  that  the  slide  valve  is  set 
so  as  not  to  have  any  lead.  O c,  then,  is  the  position  of 
eccentric  when  crankpin  is  at  c.  Now,  let  the  crankpin 
move  in  the  direction  of  the  arrow  x\  that  is,  let  the  piston 
commence  its  forward  stroke.  Since  the  valve  has  no  lead, 
the  slightest  movement  of  the  crankpin  in  the  direction  of 
the  arrow  will  cause  the  valve  to  open  the  left  steam  port. 
When  the  eccentric  has  reached  the  i)osition  O g,  the  valve 
has  moved  to  its  farthest  position  to  the  right,  and  any 
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further  movement  of  the  crank  will  cause  the  valve  to  begin 
to  close  the  steam  port.  To  close  the  steam  port  fully,  the 
valve  will  have  to  move  the  same  distance  to  the  left  that  it 
moved  to  the  right  to  uncover  the  port.  From  this  it 
follows  that  the  eccentric  must  move  through  the  same  angle 
to  close  the  port  that  it  moved  through  to  open  the  port. 
Laying  off  the  g O h — g O Oh  will  represent  the 

position  of  the  eccentric  at  the  time  cut-off  takes  place. 
Laying  off  the  angle  h O i — c O we  find  the  corresponding  ■ 
crank  position.  From  the  point  i (the  center  of  the  crank- 
pin)  as  a center,  with  a radius  equal  to  the  length  of  the 
connecting-rod  (the  length  of  the  line  a r),  describe  an  arc 
intersecting  the  line  a bdit  k\  the  point  k will  be  the  position  of 
the  center  of  the  wristpin  at  the  time  of  cut-off  on  the  forward 
stroke.  When  the  crank  passes  the  exterior  dead  center, 
the  right  steam  port  will  be  opened;  and  at  the  moment 
that  the  crank  occupies  the  position  O the  eccentric  will 
be  at  (9/;  that  is,  90°+  20°  = 110°  ahead  of  the  crank. 
From  what  has  previously  been  explained,  it  will  be  clear 
that  the  cut-off  takes  place  on  the  return  stroke  when  the 
eccentric  reaches  the  position  O m.  The  corresponding 
crank  position  will  be  O n.  From  n as  a center,  with  a 
radius  equal  to  the  length  of  the  connecting-rod,  describe 
an  arc  intersecting  a b dit  p,  which  will  give  the  position  of 
the  center  of  the  wristpin  at  the  time  of  the  cut-off  on  the 
return  stroke. 

41.  It  will  be  seen  at  a glance  that  the  cut-off  has  taken 
place  considerably  later  on  the  forward  stroke  than  on  the 
return  stroke,  since  k b is  less  than  a p.  From  this  we  see 
that  a valve  having  an  equal  lap  and  set  so  as  to  have  an 
equal  lead  cannot  cut  off  equally  on  the  forward  and  return 
stroke.  If  the  valve  is  set  so  that  the  cut-off  will  be  equal, 
the  lead  will  be  unequal. 

This  is  due  to  the  use  of  a connecting-rod.  As  a general 
rule,  it  may  be  stated  that  the  longer  the  connecting-rod, 
the  less  will  be  the  difference  in  the  points  of  cut-off;  and 
the  shorter  the  connecting-rod,  the  greater  the  difference. 
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The  effects  of  the  connecting-rod  on  the  steam  distribution 
of  a simple  slide  valve  maybe  summarized  as  follows:  It 

will  cause  the  valve  to  cut  off  and  release  the  steam,  as  well 
as  close  the  exhaust  port,  later  on  the  forward  stroke  of  the 
piston  than  on  the  return  stroke. 


FORMS  OF  SEIDE  VALVES. 

4:2,  F)oul)le-Poi*ted  Valves. — The  plain  D slide  valve, 
shown  in  Fig.  5,  is  largely  used  on  small  engines  running 


at  moderately  slow  speeds.  When,  however,  an  engine  has 
a high  piston  speed,  the  plain  D valve  does  not  open  the 
port  fast  enough  to  allow  the  steam  to  follow  up  the  moving 
piston  and  keep  up  full  pressure  in  the  cylinder.  To  over- 
come this  difficulty,  various  forms  of  double-ported  valves, 
one  of  which  is  shown  in  Fig.  21,  are  used.  In  Fig.  21, 
each  port  P has  two  openings  C and  I?.  The  valve  is  made 
with  two  passages  A,  B extending  through  it;  these  passages 
connect  with  the  steam  chest  A.  In  the  position  shown  in 
the  figure,  the  valve  is  opening  the  left  steam  port.  The 
steam  enters  the  passage  C past  the  edge  of  the  valve  and 
enters  the  passage  II  through  the  opening  in  the  chamber  A. 
In  the  meantime,  the  exhaust  is  escaping  from  the  right 
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port  into  the  chamber  E beneath  the  valve.  It  is  clear  that, 
with  the  same  travel,  the  double-ported  valve  gives  double 
the  opening  to  steam  that  the  plain  valve  does.  Other- 
wise, the  two  valves  are  alike  in  all  respects. 

43.  The  Allen  or  Trick  valve,  shown  in  Fig.  22, 
accomplishes  the  same  object.  The  passage  A is  cast  in  the 


valve  and  extends  clear  through  it.  The  shoulders  A,  B of 
the  valve  seat  are  so  constructed  that  when  the  edge  i)i  of 
the  valve  is  just  even  with  the  edge  I of  the  port,  the  outer 
edge  p of  the  passage  A is  just  even  with  the  edge  n of  the 
shoulder  B at  the  other  end  of  the  valve  seat.  Now,  when 
the  valvQ  moves  a little  to  the  right,  into  the  position  shown 
in  the  figure,  steam  enters  the  port  directly  between  the 
edges  / and  in^  as  in  the  case  of  the  ordmary  valve.  At 
the  same  time,  the  edge p of  the  passage  has  moved  past  the- 
edge  n of  the  valve  seat;  steam  thus  enters  the  passage  A 
and  finds  there  a direct  path  to  the  left  steam  port. 

The  piston  valve  shown  in  Fig.  19  is  another  example  of 
a valve  having  a passage  through  it,  by  means  of  which  the 
effective  port  opening  for  a given  valve  travel  is  doubled. 


SETTING  THE  SEIBE  VAETE. 

44.  Dead  Centers. — Referring  to  Fig.  1,  it  is  plain  that 
when  the  piston  P is  at  the  end  of  its  stroke  at  the  end  li  of 
the  cylinder,  the  crankpin  A must  lie  at  the  point  in  in  the 
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crankpin  circle.  In  this  position  the  crank  OA  and  con- 
necting-rod A B lie  in  the  same  straight  line.  Likewise, 
when  the  piston  is  at  the  other  end  of  the  stroke,  the  pin  A 
lies  at  the  point  n,  and  again  the  crank  and  connecting-rods 
are  in  the  same  straight  line. 

When  the  crank  occupies  either  of  these  positions,  the 
engine  is  said  to  be  on  its  dead  center.  All  the  pressure 
of  the  steam  on  the  piston  is  transmitted  directly  to  the 
shaft  because  the  reciprocating  parts  are  in  a straight 
line.  Consequently,  there  is  no  tendency  to  turn  the  crank, 
and  the  engine  cannot  be  started  until  turned  into  a differ- 
ent position.  When  the  crank  occupies  the  position  O 
it  is  said  to  be  on  its  inner,  or  liead-end,  dead  center,  and 
when  it  occupies  the  position  O on  its  onter,  or  crank- 
end,  dead  center. 


45,  To  Place  tlie  Eng-ine  on  Its  Dead  Center. — It  is 
sometimes  necessary  to  place  the  engine  exactly  on  its  center 


in'  order  to  set  the  valve.  A common  method  of  doing  this 
is  shown  in  Fig.  23. 

When  the  crosshead  is  very  near  the  end  of  its  travel, 
make  a mark  b on  one  of  the  guides  opposite  the  outer  edge 
of  the  crosshead.  Now  turn  the' engine  in  the  direction  of 
the  arrow  u'  until  the  outer  edge  of  the  crosshead  comes 
even  with  the  mark  b.  AVhile  the  engine  is  in  this  position, 
take  a tram  the  length  of  which  is  about  equal  to  the 
distance  from  the  floor  to  the  center  of  crank-shaft,  place 


§23 


THE  STEAM  ENGINE. 


33 


one  end  upon  the  floor  (or,  better,  upon  a solid  block  or  part 
of  the  engine  bed),  and  with  the  pointed  end  make  a mark  c 
upon  the  edge  of  the  flywheel.  The  engine  will  probably 
not  be  exactly  on  the  center ; the  crankpin  will  be,  say,  at  a 
point  slightly  above  the  center.  Now  turn  the  engine  in 
the  direction  of  the  arrow  x'  until  the  edge  of  the  crosshead 
again  comes  even  with  the  mark.  The  flywheel  will  have 
made  nearly  a complete  revolution,  and  the  crankpin  will  be 
at  a\  the  same  distance  below  the  center  that  a was  above 
it.  Since  the  flywheel  has  made  a little  less  than  a full 
revolution,  the  mark  e on  the  rim  will  not  now  be  opposite 
the  marking  points  of  the  tram,  but  the  latter  will  make  a 
new  mark  e'  on  the  rim.  Now,  make  a mark  f half  way 
between  the  marks  e and  and  turn  the  wheel  until  the 
mark  f comes  opposite  the  point  of  the  tram.  The  engine 
is  then  exactly  on  its  dead  center. 

By  taking  another  mark  b'  at  the  other  end  of  the  guide, 
the  flywheel  may  be  marked  for  the  outer  dead  center.  To 
insure  accuracy,  it  is  well  to  have  both  ends  of  the  tram 
pointed.  The  lower  point  then  fits  into  a prick-punch  mark, 
made  somewhere  in  the  bed  or  foundation,  and  another 
punch  mark  on  the  rim  determines  the  dead-center  position. 

46.  Directions  for  Setting  Slide  Valve.  — Put  the 
engine  on  its  dead  center,  place  the  valve  on  the  seat  and 
connect  it  with  the  eccentric  rod.  Shift  the  eccentric  on  the 
shaft  until  the  valve  has  the  desired  lead.  Turn  the  engine 
in  the  direction  it  is  to  run  until  it  is  on  the  other  dead 
center.  If  the  lead  is  the  same  as  at  the  other  end,  tli'e 
valve  is  correctly  set ; if  it  is  not  the  same,  the  valve  rod 
must  be  lengthened  or  shortened  until  the  lead  is  the  same 
at  both  centers.  If,  now,  the  lead  is  less  than  desired,  shift 
the  eccentric  forwards  a little  on  the  shaft;  if  the  lead  is  a 
little  too  great,  shift  the  eccentric  backwards. 

After  the  valves  are  set  and  the  engine  is  started,  a pair 
of  indicator  diagrams  should  be  taken.  The  diagrams  will 
show  any  slight  errors  in  the  setting  and  corrections  may 
be  made  accordingly. 


34  THE  STEAM  ENGINE.  § 23 

CLEARANCE  : REAE  AND  APPARENT  CUT-OFF. 


CLEARANCE. 

47.  Piston  Clearance. — When  the  crank  is  on  a dead 
center,  the  piston  is  always  a short  distance  from  the  cylin- 
der head;  this  allowance  is  made  so  that  a slight  change  in 
the  length  of  the  connecting  or  piston  rods  will  not  cause 
the  piston  to  strike  the  heads  at  the  end  of  its  stroke.  It 
is  also  important  to  have  a small  space  between  the  piston 
and  head  in  which  any  small  quantity  of  water  in  the- cylin- 
der may  collect  when  the  piston  is  at  the  end  of  its  stroke ; 
the  incompressible  nature  of  water  would  have  the  elfect  of 
breaking  some  part  of  the  engine  if  there  were  no  space  in 
which  it  could  collect.  The  short  distance  between  the  pis- 
ton and  the  head  when  the  piston  is  at  the  end  of  its  stroke 
is  called  the  piston  clearance. 

48.  To  measure  tlie  piston  clearance  at  either  end  of 
the  cylinder,  first  put  the  engine  on  its  dead  center  for  that 
end  and  make  a mark  on  the  guides  corresponding  to  some 
convenient  point  of  the  crosshead.  Next,  disconnect  the 
connecting-rod  and  push  or  pull  the  piston  until  it  strikes 
the  head.  The  distance  of  the  chosen  point  on  the  cross- 
head from  the  mark  made  on  the  guides  is  the  piston  clear- 
ance for  that  end  of  the  stroke. 

49.  The  clearance  volume  or,  simply,  the  clearance, 
is  the  volume  of  the  space  between  the  piston  and  cylinder 
head,  when  the  piston  is  at  the  end  of  its  stroke,  plus  the 
volume  of  the  port  leading  to  this  space.  Thus,  in  Fig.  15, 
the  piston  is  at  the  end  of  its  return  stroke,  and  the  clear- 
ance is  the  volume  of  the  space  between  the  piston  and  the 
left  cylinder  head  plus  the  volume  of  the  left  steam  port. 
In  other  words,  the  clearance  may  be  defined  as  the  volume 
of  steam  between  the  valve  and  the  piston  when  the  latter 
is  at  the  end  of  the  stroke. 

50.  Measuring-  tlie  Clearance  Toluine. — The  clear- 
ance volume  of  an  engine  may  be  found  by  putting  the 
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engine  on  a dead  center  and  pouring  in  water  until  the 
space  between  the  piston  and  the  cylinder  head  and  the  volume 
of  the  steam  port  leading  into  it  are  filled.  The  volume  of 
the  water  poured  in  is  the  clearance.  Since  water  is  likely 
to  leak  past  the  piston,  some  engineers  advocate  the  use  of  a 
heavy  oil  for  measuring  the  clearance  volume. 

51.  Method  of  Expressing  Clearance  Volume. — The 

clearance  volume  may  be  expressed  in  cubic  feet  or  cubic 
inches,  but  it  is  more  convenient  to  express  it  as  a percent- 
age of  the  volume  swept  through  by  the  piston.  For 
example,  suppose  the  clearance  volume  of  a 12"  X 18" 
engine  is  found  to  be  128  cubic  inches.  The  volume  swept 
through  by  the  piston  per  stroke  is  12'“  X .7854  X 18 

= 2,035.8  cubic  inches.  Then,  the  clearance  is  ^ 

/V  j U O O . D 

= 0.3  per  cent.  The  clearance  may  be  as  low  as  ^ per  cent, 
in  Corliss  engines  and  as  high  as  14  per  cent,  in  very  high- 
speed engines. 

52,  Theoretically,  there  should  be  no  clearance,  since 
the  steam  that  fills  the  clearance  space  does  no  work  except 
during  expansion;  it  is  exhausted  from  the  cylinder  during 
the  return  stroke  and  represents  so  much  dead  loss.  This 
is  remedied  to  some  extent  by  compression.  If  the  com- 
pression were  carried  up  to  the  boiler  pressure,  there  would 
be  very  little,  if  any,  loss,  since  the  steam  would  then  fill 
the  entire  clearance  space  at  boiler  pressure,  and  the  amount 
of  fresh  steam  needed  would  be  the  volume  displaced  by  the 
piston  up  to  the  point  of  cut-off,  the  same  as  if  there  were 
no  clearance.  It  is  not  practicable  to  build  an  engine  with- 
out any  clearance,  because  it  is  necessary  to  allow  for  lost 
motion  and  adjustment  in  the  joints  of  the  connecting-rod 
and  because  it  is  also  necessary  to  allow  for  the  formation  of 
water  in  the  cylinder  due  to  the  condensation  of  steam,  par- 
ticularly when  starting  the  engine.  As  water  is  practically 
incompressible,  some  part  of  the  engine  would  be  broken 
when  the  piston  reached  the  end  of  its  stroke,  provided 
there  were  no  clearance  space  to  receive  the  water;  usually 
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the  cylinder  heads  would  be  blown  off.  Neither  is  it 'prac- 
ticable to  compress  to  boiler  pressure,  as  a general  rule,  for 
that  causes  too  great  strains  on  the  engine.  Automatic 
cut-off,  high-speed  engines  of  the  best  design,  with  shaft 
governors,  usually  compress  to  about  half  the  boiler  pres- 
sure and  have  a clearance  of  from  5 to  14  per  cent.  Engines 
that  do  not  have  a high  rotative  speed,  say  not  over  100  revo- 
lutions per  minute,  have  very  little  corhpression  and  very 
small  clearance.  Such  are  the  Corliss  and  other  releasing- 
gear  engines. 


REAL.  AND  APPARENT  CUT-OFF. 

53.  It  is  customary,  in  speaking  of  the  point  of  cut-off, 
to  say  that  the  engine  cuts  off  at  ^ stroke,  ^ stroke,  etc. 
By  this  is  meant  that  the  steam  is  cut  off  when  the  piston 
has  completed  ^ or  of  its  stroke,  as  the  case  may  be.  For 
example,  if  the  stroke  is  48  inches  and  the  steam  is  shut  off 
from  the  cylinder  when  the  piston  has  moved  18  inches,  the 
cut-off  is  ^1  = f.  The  cut-off  thus  spoken  of  is  the  appar- 
ent cut-off. 

54.  The  real  cut-off  takes  account  of  the  clearance 
space.  It  is  the  ratio  between  the  volume  of  steam  in  the 
cylinder  and  clearance  space  when  the  piston  is  at  the  cut- 
off point  and  the  volume  of  steam  in  cylinder  and  clearance 
space  when  the  piston  is  at  the  end  of  the  stroke.  For 
example,  let  the  volume  of  steam  between  the  valve  and 
piston  when  the  latter  is  at  cut-off  be  4 cubic  feet.  Sup- 
pose that  when  the  piston  is  at  the  end  of  its  stroke  the  vol- 
ume of  steam  in  the  cylinder  and  clearance  space  is  9 cubic 
feet.  Then,  the  real  cut-off  is 

55.  The  relation  Between  the  apparent  and  real 
cut-offs  may  be  shown  graphically  as  follows:  Let  the 

p A C B 

Fig.  24. 

length  A B,  Fig.  24,  represent  the  stroke  of  the  engine. 
Suppose  that  the  piston  is  moving  in  the  direction  of  the 
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arrow  and  that  the  steam  is  cut  off  when  the  piston  has 
reached  the  point  C. 

Then,  according  to  the  above,  the  apparent  cut-off  is  -7-75. 

It  is  clear  that,  since  A B represents  the  stroke  of  the  piston, 
it  will  also  represent,  to  some  scale,  the  volume  swept 
through  by  the  piston.  Now,  to  the  same  scale,  lay  off 
A D equal  to  the  volume  of  the  clearance.  Then,  from  the 


above  definition,  the  real  cut-off  is 


DC  AC-CAD 


Let 


DB  AB-CAU 
s represent  the  apparent  cut-off,  k the  real  cut-off,  and  i 
the  clearance  expressed  as  a per  cent  of  the  stroke.  Then, 

in  Fig.  24,  X = and  t = 


A B 


AB 


Rule  1. — To  find  the  real  cut-off^  add  t He  clearance  volume^ 
expressed  as  a per  cent,  of  the  stroke.,  to  the  apparent  cut-off^ 
expressed  in  per  cent.,  and  multiply  the  sum  by  100  ; divide 
the  product  by  100  plus  the  clearance  vohune^  in  per  cent. 


Or, 


7 (i"  ^ ) X 100 

100  + i ' 


Example. — In  a 13"  X 18"  engine,  the  steam  is  cut  off  when  the 
piston  has  moved  over  8 inches  of  its  stroke.  The  clearance  is  8 per  cent, 
of  the  volume  displaced  by  the  piston.  Find  the  apparent  cut-off  and 
real  cut-off. 

Solution. — The  apparent  cut-off  is  — — ==  44.4  per  cent.  Apply- 

lo 

ing  rule  1,  the  real  cut-off  is  found  to  be  — = 48.5  per  cent. 


56.  The  ratio  of  expansion,  also  called  the  number  of 
exi)ansions,  is  the  ratio  between  the  volume  of  steam  in  the 
cylinder  and  clearance  when  the  piston  is  at  the  end  of  its 
stroke  and  the  volume  in  the  cylinder  and  clearance  when 
the  piston  is  at  the  cut-off  point.  That  is,  in  Fig.  24,  the 


ratio  of  expansion  is 


DB 

DC 


Since 


DB 

DC 


1 

1 urn 

follows 


that  the  ratio  of  expansion  is  the  reciprocal  of  the  real  cut- 
off. For  example,  if  the  volume  of  steam  behind  the  piston 
when  at  the  end  of  its  stroke  is  15  cubic  feet  and  when  at 
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5 1 

cut-off  is  5 cubic  feet,  the  real  cut-off  is  — = — . The  ratio 

15  3 

15 

of  expansion  is  — = 3 ; in  ordinary  language,  the  steam 
o 


would  be  said  to  have  3 expansions. 

When  the  cut-off  is  given  in  per  cent.,  the  ratio  of 
expansion  is  found  by  dividing  100  by  the  real  cut-off  in  per 
cent.  Thus,  if  the  real  cut-off  is  25  per  cent.,  the  ratio  of 
expansion  is  = 4. 


Illustrative  Example. — Let  it  be  required  to  find  the 
clearance,  the  actual  cut-off,  and  the  ratio  of  expansion  of  a 
12"  X 24"  engine  under  the  following  conditions:  When 

the  engine  is  on  its  center,  the  water  from  a vessel  which 
with  the  water  weighed  5 pounds  was  poured  into  the  end 
of  the  cylinder.  After  pouring  in  just  enough  water  to  fill 
the  clearance  space,  the  vessel  and  water  were  weighed  and 
found  to  weigh  If  pounds;  consequently,  the  weight  of  water 
poured  out  of  the  vessel  was  5 — If  = 3f  pounds.  The 
weight  of  1 cubic  inch  of  water  is  .03617  pound.  The  num- 
ber of  cubic  inches  poured  into  the  cylinder  is,  therefore. 


3.25 

.03617 


= 89.85  cubic  inches,  nearly,  which  is  the  volume  of 


the  clearance  space.  The  area  of  the  12-inch  piston  is 
12^  X .7854  = 113  square  inches,  very  nearly;  consequently, 
the  piston  displacement  is  113  X 24  = 2,712  cubic  inches. 

The  clearance  volume  is,  therefore,  ==  3. 31  per 

2,  712 

cent,  of  the  piston  displacement ; in  other  words,  we  say 
that  the  clearance  is  3.31  per  cent. 

The  cut-off  takes  place  when  the  piston  has  moved 
15  inches  of  its  stroke.  The  apparent  cut-off  is,  therefore, 

= 62.5  per  cent,  of  the  stroke.  In  accordance  with 
24 

rule  1,  the  real  cut-off  is  P®''  cent. 

lUu  o.  o± 

In  accordance  with  Art.  56,  the  ratio  of  expansion  is 


^ = 2,  very  nearly. 
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exampj.es  for  i>ractice. 

1.  What  is  (a)  the  clearance  volume  in  cubic  inches,  and  (/;)  the 

clearance  in  per  cent,  of  a 16"  X 24"  engine,  if  7^  pounds  of  water 
are  required  to  fill  the  clearance  space  ? a i 200.4  cu.  in. 

' I G)  4 per  cent. 

2.  If  the  engine  in  example  1 cuts  off  when  the  piston  has  made 

6 inches  of  its  stroke,  what  is  (a)  the  apparent  cut-off,  (d)  the  real  cut- 
off, and  (c)  the  ratio  of  expansion  ? f («)  i,  or  25  per  cent. 

Ans.  •<  (d)  27.9  per  cent. 

• ( (c)  3.59,  nearly. 


THE  BTEGRAM  VALVE  DIAGEAM. 

57.  Graphic  Method  of  Determining  the  Effect  of 
Change  in  Proijortion  of  Valves. — The  action  of  the 
valve  of  a plain  slide-valve  engine  when  operated  by  an 
eccentric  can  be  readily  analyzed  by  means  of  a diagram 
that  has  been  designed  by  Mr.  Hugo  Bilgram.  This  dia- 
gram is  extremely  useful  not  only  in  the  analysis  of  an 
existing  slide-valve  gear,  but  as  it  also  exhibits  in  a graphic 
form  the  effects  of  any  change  in  the  proportions  of  the 
valve,  it  is  invaluable  in  the  design  of  a new  valve. 

The  valve  diagram  and  its  application  to  an  existing 
valve  gear  is  shown  in  Fig.  25.  In  a case  of  this  kind,  the 
outside  and  inside  lap  of  the  valve,  the  travel  of  the  valve, 
and  the  stroke  of  the  engine  are  known;  and  the  lead,  if 
not  known,  may  be  assumed.  With  these  data,  the  amount 
that  the  steam  ports  are  opened  (the  port  opening),  the 
point  of  cut-off,  the  point  of  release,  the  point  of  exhaust 
closure,  and  the  angle  of  advance  of  the  eccentric  can  be 
determined. 

58.  To  any  Convenient  scale,  draw  on  the  line  a b, 
with  ^7  as  a center,  the  semicircle  adb  having  a radius  equal 
to  that  of  the  crank  (one-half  the  stroke).  About  as  a 
center  and  with  a radius  equal  to  one-half  the  valve  travel, 
describe  the  semicircle  a'  o'  b'.  Draw  a line  g-Zi  parallel  to  a b 
and  at  a distance  from  it  equal  to  the  lead.  With  a radius 
equal  to  the  outside  lap  of  the  valve  and  with  a center  o'  on 
the  semicircle  a'  o'  b'  describe  a circle  r that  is  tangent 
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to  gh.  The  position  of  the  center  o’  is  easiest  found  by  trial. 
About  o’  as  a center  and  with  a radius  equal  to  the  inside 
lap  of  the  valve,  describe  a circle  j-.  Next  draw  the  straight 
lines  0 d,  o and  o m tangent,  respectively,  to  the  out- 
side lap  circle  r and  the  inside  lap  circle  s.  Through  o 


Fig.  25. 

and  o’  draw  the  straight  line  o f.  From  the  points  of  inter- 
section /,  and  vi  of  the  lines  o d,  o /,  and  o m with  the 
semicircle  adb,  drop  perpendiculars,  dk^  I /,  and  my  on 
the  straight  line  a b.  About  as  a center  describe  an  arc 
tangent  to  the  outside  lap  circle  and  intersecting  a b in  t. 

In  the  diagram  just  drawn,  the  distance  ot  represents  the 
port  opening  to  the  same  scale  to  which  the  diagram  was 
drawn ; the  distance  a k shows  the  piston  movement  up  to 
the  point  of  cut-off ; the  distance  ay  shows  the  piston  move- 
ment up  to  the  point  of  release,  and  the  distance  a p shows 
the  piston  movement  up  to  the  point  where  the  exhaust 
port  is  closed,  i.  e.,^up  to  the  point  where  compression 
begins.  The  angle  f o b is  the  angle  of  advance. 

59.  When  the  valve  has  no  inside  lap,  no  inside  lap 
circle  can  be  drawn ; in  that  case,  drop  a perpendicular  from 
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tfic  intcrscnt.ion  point,  f of  the  line  of  will)  the  seini- 
rire.le  a d h to  the  line.  ah.  'I'he  flist<'i.nee,  helwe.e.n  a,  and  the. 
point  of  inte.rse.etion  of  this  ()e.r[)f-.mlienlar  with  tin;  V\\n\  a h 
will  then  repre.sent  the  piston  inovein(;nt  up  to  th(;  points  of 
eom[>ression  and  rf-.lease. 

^»0.  A earfiful  study  of  the.  diaj^rarn  will  show  tlu;  e.f'feets 
of  ehaf)j.p'.s  in  the  valve  j)ro[)ort ions  and  valve,  setting, 
'rhiis,  suppose,  that,  the  valve  proportions  r(nnaininj^  tin; 
s;une.,  it  has  he.e.n  decided  to  ^iv(;  more,  lead,  d'hen,  tin; 
l(!ad  Wuo.  h t)e.in;,(  at  a greater  distanec;  than  be.fore  from  a h, 
the.  ('.enter  o'  will  he  higher  up  and  farther  to  the  left;  in 
e()nse(pie.nee,  the.  inte.rseet ion  points  (/,  /,  and  m will  also  he 
to  the  left  of  their  former  positions  and  the.  intersections  of 
perpendiculars  drojjped  from  these  points  on  ah  will  he 
ne.jirer /'M  ilan  before..  I n other  words,  th(;  inereas(;  of  lead 
causes  the.  diff(;rent.  events  to  take,  place  e.,arlie.r.  Since,  o' 
will  occupy  a differe.nt  position  than  formerly,  thean^h;  f oh 
(t  he  a.nj>jie  of  advance.)  will  now  he  jrreater;  this  shows  that, 
wit  h t he  valve  pr()port.ions  remainintc  the.  satm^,  itiereasin^  the 
lead  is  itnpossihle.  without,  inere.asitij.^  tin;  a.n^le.  of  advance. 

(»l.  Suppose  that  the  inside  lap  is  decreased,  all  oth(;r 
valve,  proportions  and  the.  le.ad  r(miainin^  the  sani(\  ddum, 
since,  the.  inside,  l.'ip  circle,  .v  will  he.  smalku*,  the.  poitit  / will 
he.  nearer  / tha.n  before,  and,  eonseipient ly,  the  intersection 
of  a pe.rp(;ndi(uda.r  dropped  from  / on  <i  h will  he  to  the  r/d/// 
of  f\  I hnt  is,  t he.  (exhaust  closure  will  take  place,  later,  ddie 
int.er.seet  ion  point  m will  also  he.  closer  to  /',  and,  obviously, 
the.  int ersect  ion  of  a perpendicular  dropped  fi'om  it  ('tw  a h 
will  he  to  th(!  left  ofy;  that  is,  tlx;  ladeasc;  will  take  jilaee 
(rarlier, 

Sjippose  that  the  outside  lap  is  inern^sed  in  order  to  }j;'(‘t 
an  earlier  (uit.-off  and  that  the.  I(;ad  is  to  rcunain  as  he.foia;. 
'Phen,  owin;.(  to  the  ^re.ater  diaimrter  of  the.  ('ire.h;  r,  its 
e.e.nt(tr  (/  will  he  fartlxu*  t.o  tin;  kdt,  and,  ('onseipie.ntly,  the 
tanj,(ent  lines  e(/,  of  and  ow,  and  tlun'r  |)e.rp(mdieulars  d f, 
If,  and  ai  y will  also  move  to  t he.  left,  thus  indicating  that 
all  the  events  will  take;  place  earlier. 
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63.  Assume  that  while  the  outside  lap  was  increased,  no 
change  was  made  in  valve  travel.  Then,  since  the  lap 
circle  r is  larger  than  before,  it  follows  that  at  will  be 
smaller;  that  is,  an  increase  of  outside  lap  not  accompanied 
by  an  increase  of  the  valve  travel  will  cause  a decrease  in 
the  port  opening.  From  this  it  is  evident  that  in  order 
to  keep  the  port  opening  constant,  an  increase  of  outside 
lap  must  be  accompanied  by  an  increase  of  the  valve 
travel. 

By  studying  in  the  manner  indicated  in  the  preceding 
articles  the  effect  on  the  valve  diagram  of  any  change  in 
the  valve  proportions,  in  the  angle  of  advance,  etc.,  the 
effects  on  the  steam  distribution  can  be  noted  easily. 

63,  In  designing  a new  valve  for  an  engine,  the  port 
opening,  the  point  of  cut-off,  and  the  stroke  of  the  engine 
are  known;  the  lead  must  be  fixed  upon.  With  these  data, 
the  valve  proportions,  the  valve  travel,  and  the  angle  of 
advance  are  readily  determined  by  means  of  the  Bilgram 
valve  diagram. 

On  the  line  a b and  from  d?  as  a center,  describe  the  semi- 
circle a d b to  represent  the  path  of  the  crankpin,  using  any 
convenient  scale.  Draw  the  lead  line  g h parallel  to  a b and 
at  a distance  equal  to  the  lead  from  it.  With  a radius  equal 
to  the  port  opening,  describe  an  arc  t t'  about  as  a center. 
On  a b lay  off  a k equal  to  the  desired  cut-off.  At  k erect 
a perpendicular,  and  from  its  point  of  intersection  d with 
the  semicircle  a d b draw  the  straight  line  d o.  Now,  by 
trial,  find  the  radius  and  the  position  of  the  center  d of  a 
circle  that  will  be  tangent  to  the  lines  o d and  g h and  tan- 
gent to  the  arc  t f . The  radius  of  this  circle  represents,  the 
outside  lap  required,  while  the  distance  of  the  center  d 
from  0 represents  one-half  the  valve  travel.  By  drawing  a 
straight  line,  as  o /,  through  o and  <?',  the  angle  of  advance 
is  determined.  The  question  of  how  much,  if  any,  inside 
lap  to  give  is  one  that  each  designer  must  answer  for  him- 
self, remembering  that  the  giving  of  inside  lap  makes 
release  later  and  exhaust  closure  earlier. 
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SIZE  OF  STEAM  PASSAGES. 

64.  The  average  practice  of  steam-engine  builders  is  to 
proportion  the  steam  passages  so  that  the  steam  will  flow  at 
a velocity  of  6,000  feet  per  minute  through  the  main  steam 
pipe,  6,000  feet  per  minute  through  steam  ports  that  are  rel- 
atively long  and  tortuous,  as  the  steam  ports  of  plain  slide- 
valve  engines,  7,500  feet  per  minute  through  very  short  and 
direct  steam  ports,  4,000  feet  per  minute  through  the 
exhaust  ports,  and  also  through  the  exhaust  pipe. 

65.  With  these  velocities  as  a basis,  the  following  rules 
for  proportioning  the  steam  passages  have  been  deduced. 
In  the  case  of  steam  pipes  and  exhaust  pipes,  the  commer- 
cial size  of  pipe  whose  area  is  nearest  the  calculated  area 
should  be  selected.  In  case  either  the  steam  pipe  or  the 
exhaust  pipe,  or  both,  is  very  long,  say  above  200  feet,  it 
may  be  advisable  to  select  a pipe  one  size  larger  than 
the  one  whose  area  is  nearest  the  calculated  area.  In 
case  the  steam  pipe  is  but  poorly  or  not  all  protected 
by  covering,  the  use  of  a larger  size  of  pipe  is  especially 
necessary. 


66.  Rules  and  Formulas  for  Calculating  the  Sizes 
of  Steam  Passages. — 

Let  a — area  of  steam  port  in  square  inches; 

b — area  of  exhaust  port  and  pipe  in  square  inches; 
c — area  of  steam  pipe  leading  to  engine; 
d — piston  speed  in  feet  per  minute; 
e — area  of  piston  in  square  inches. 

Rule  3. — To  find  the  area  of  the  steam  pipe  leading  to  an 
engine  or  pump^  multiply  the  area  of  the  piston  by  the  piston 
speed  in  feet  per  minute  and  divide  the  product  by  6f00. 


Or, 


_Je_ 

^ ~ 6,000"' 


Example. — A 14"  x 3C"  engine  is  to  run  100  revolutions  per  minute. 
What  size  should  the  steam  pipe  be  ? 
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Solution. — The  piston  speed  in  feet  per  rninute  is  f|  X 100  x 3 
= 600  feet.  The  area  of  the  piston  is  14^  x .7854  = 153.938,  say 
154  square  inches.  Applying  rule  2,  we  get 

154  X 600  ,,, 

^ = — o AAA  - = I'^-I  square  inches. 

6,000 

The  nearest  commercial  size  of  pipe  is  4^  in.  nominal  diameter, 
whose  internal  area  is  15.939  sq.  in.  Ans. 


67.  Rule  3. — To  find  the  area  of  the  exhaust  pipe  or 
exhaust  port  for  an  engine  or  steam  primps  nmltiply  the  area 
of  the  piston  by  the  piston  speed  in  feet  per  minute  ajid  divide 
the  product  by  fOOO. 


Or, 


Example. — What  should  be  the  area  of  the  exhaust  port  and  what 
should  be  the  size  of  the  exhaust  pipe  of  the  engine  mentioned  in  the 
example  given  in  Art.  G6  ? 

Solution. — Applying  the  rule  just  given,  we  get 


b = 


154  X 600 
4,000 


= 23.1  square  inches 


as  the  area  of  the  exhaust  port.  Since  a 6-inch  pipe  has  an  actual 
internal  area  of  28.889  square  inches,  while  the  next  smaller  commercial 
size  of  pipe,  viz.,  5-inch,  has  an  area  of  but  19.99  square  inches,  experi- 
enced engineers  would  select  the  6-inch  pipe,  in  order  not  to  cramp 
the  exhaust.  Ans. 


68.  Rule  4. — To  fnd  the  area  of  the  steam  port^  multi- 
ply the  area  of  the  piston  by  the  piston  speed  in  feet  per 
minute  ; divide  the  product  by  1 500  if  the  port  is  short  and 
direct^  and  by  6,000  if  the  port  is  long  and  tortuous. 


Or, 


a — 


de 

7,500 


for  a short  port, 


and 


Example. — What  should  be  the  area  of  the  steam  port  for  the 
engine  given  in  the  example  of  Art.  OG,  if  the  port  is  short  ? 
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Solution. — Applying  rule  4,  we  get 


a = 


154  X 600 
7,500 


= 12.32  sq.  in. 


Ans. 


THE  BOTAHY  EN^GIN^E. 

69.  Since  the  time  of  Watt,  it  has  been  the  aim  of  many 
inventors  to  produce  an  engine  in  which  the  piston  has  a 
rotary  motion,  thus  dispensing  with  the  connecting-rod  and 
crank.  Innumerable  designs  have  been  proposed  and  pat- 
ented, many  of  which  have  been  actually  tried ; except  for 
special  service  where  economy  in  the  use  of  steam  is  but  a 
minor  consideration,  they  have  all  proved  commercial  fail- 
ures. It  is  a very  simple  matter  to  design  a rotary  engine 
that  will  turn  (run) ; it  is  an  entirely  different  matter,  how- 
ever, to  have  a rotary  engine  develop  in  constant  and 
extended  service  a horsepower  on  the  same  steam  consump- 
tion as  a reciprocating  steam  engine. 

70.  Rotary  engines  have  been  constructed  in  a great 
variety  of  forms,  many  of  which  can  only  be  characterized 
as  freaks.  The  remainder  usually  consist  either  of  a rotary 
piston  of  some  suitable  form,  bearing  against  a rolling, 
sliding,  or  swinging  abutment,  or  a design  of  interlocking 
pistons, similar  to  that  found  in  the  Root  blower.  Abut- 
ments, no  matter  how  carefully  designed,  made,  and  fitted, 
cannot  be  kept  steam-tight  for  any  length  of  time,  and  gen- 
erally will  cause  bad  steam  leakage  into  the  exhaust  in  a 
short  time;  rotary  engines  of  the  interlocking  piston  pat- 
tern either  commence  to  leak  badly  after  short  service  or 
are  very  noisy.  Some  rotary  engines  are  valveless  and 
very  simple,  but  extremely  costly  to  operate.  Some  have 
eccentric  pistons;  these  rapidly  wear  the  cylinder  walls  and 
bearings  owing  to  the  difficulty  of  counterbalancing  them 
properly  for  high  speeds.  On  the  whole  it  can  be  safely 
stated  that  the  rotary  engine,  owing  to  inherent  irremovable 
construetive  difficulties,  will  never  be  a serious  commercial 
competitor  of  the  reciprocating  engine. 
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THE  STEAM  TURBmE. 

71.  Two  eminent  engineers,  Mr.  Parsons  and  Mr.  Laval, 
have  developed  a steam  engine  working  on  an  entirely  dif- 
ferent principle  than  the  ordinary  steam  engine.  Instead  of 
making  use  of  the  pressure  of  steam,  they  utilize  the  kinetic 
energy  contained  in  a mass  of  steam  moving  with  a very 
high  velocity,  jets  of  steam  impinging  against  the  blades  or 
vanes  of  a wheel  fitted  inside  of  a suitable  casing  and  thus 
rotating  the  wheel  at  a high  speed.  This  kind  of  an  engine, 
from  its  similarity  to  the  turbine,  is  called  a steam  turbine. 
A limited  number  of  steam  turbines  are  in  use,  the  latest 
designs  giving  an  economy  about  equal  to  that  of  the  recip- 
rocating steam  engine. 


THE  INDICATOR. 


INDICATORS  ANTD  REDUCINTG  MOTIONS, 


COXSTRUCTIOX  OF  INDICATOR. 


GENERAL.  CONSTRUCTION. 

1.  The  indicator  is  an  instrument  that  can  be  readily 
applied  to  a steam  engine  for  the  purpose  of  obtaining  a 


diagram  of  the  pressures  in  the  cylinder.  It  is  made  in  a 
variety  of  forms  that  differ,  however,  only  in  minor  details; 
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the  general  principles  involved  in  all  will  readily  be  under- 
stood by  reference  to  Fig.  1,  which  shows  the  general 
appearance  of  an  indicator,  and  Fig.  2,  which  shows  one  in 


section.  The  instrument  consists  essentially  of  a cylinder  a, 
Fig.  2,  containing  the  piston  g and  the  spring  d.  By  turn- 
ing a cock  connected  to  the  small  pipe  to  which  the  indi- 
cator is  attached,  steam  may  be  admitted  to,  or  shut  off 
from,  the  cylinder  of  the  indicator  at  pleasure.  When  steam 
is  admitted  through  the  channel  i",  its  pressure  causes  the 
piston  g to  rise.  The  spring  d is  compressed  and  resists 
the  upward  movement  of  the  piston.  The  height  to  which 
the  piston  rises  should  then  be  in  exact  proportion  to  the 
pressure  of  the  steam,  and  as  the  steam  pressure  rises  and 
falls,  the  piston  must  rise  and  fall  accordingly. 

2.  To  register  this  pressure,  a pencil  might  be  attached 
to  the  end  of  the  piston  rod  r,  the  point  of  the  pencil  being 
made  to  ])ress  against  a piece  of  paper.  It  is  desirable, 
however,  to  restrict  the  maximum  travel  of  the  piston 
to  about  i inch,  while  the  height  of  the  diagram  may 
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advantageously  be  2 inches  or  more.  To  obtain  a long  pencil 
movement  combined  with  a short  travel  of  the  piston,  the 
pencil  is  attached  at  p to  the  long  end  of  the  lever  n k p. 
The  fulcrum  of  the  lever  is  at  ii.  The  piston  rod  is  con- 
nected to  it  at  k through  the  link  ik.  The  pencil  motion  is 

thus  times  the  piston  travel.  This  ratio  is,  for  most 
11  k ^ Ilk 

indicators,  either  4,  5,  or  6.  The  point  p is  forced  to  move 

in  a vertical  straight  line  by  the  arrangement  of  the  links 

and  joints  i,  ii^  and  k^  forming  what  is  called  a parallel 

motion. 


DETAILS  OF  INDICATOR. 

3.  Tlie  Spring-. — The  height  to  which  the  piston  will 
rise  under  a given  steam  pressure  depends  upon  the  stiffness 
of  the  spring.  Indicators  are  usually  furnished  with  a 
number  of  springs  of  varying  degrees  of  stiffness,  which  are 
distinguished  by  the  numbers  10,  20,  30,  40,  etc.  These  num- 
bers indicate  the  pressure  per  square  inch  required  to  raise 
the  pencil  1 inch  and  are  called  the  scale  of  tlie  siiring. 
Thus,  if  a 40  spring  is  used,  a pressure  of  40  pounds  per 
square  inch  raises  the  pencil  1 inch,  and  the  vertical  scale  of 
the  diagram  is,  therefore,  40  pounds  per  inch ; that  is,  the 
vertical  distance  in  inches  of  any  point  on  the  diagram 
from  the  atmospheric  line,  multiplied  by  40,  gives  the  gauge 
pressure  per  square  inch  at  that  point.  The  scale  of  the 
spring  chosen  should  not  be  less  than  one-half  the  boiler 
pressure.  For  example,  we  would  choose  a 40  spring  for  a 
steam  pressure  of  75  pounds  per  square  inch. 

4.  Tlie  Paper  Drum. — The  indicator  must  not  merely 
register  pressures,  but  it  must  register  them  in  relation  to 
the  position  of  the  piston.  To  accomplish  this  object,  a 
cylindrical  drum  Figs.  1 and  2,  is  provided.  This  drum 
can  be  revolved  on  its  axis  / by  pulling  the  cord  /,  which  is 
coiled  around  it.  When  the  pull  is  released,  the  spring  j 
rotates  the  drum  back  to  its  original  position.  If,  now,  the 
cord  t be  attached  to  some  part  of  the  engine  that  has 


4 


THE  INDICATOR. 


§24 


a motion  proportional  to  the  motion  of  the  piston,  the 
motion  of  the  drum  will  also  be  proportional  to  the  motion 
of  the  piston. 


CONNECTING  INDICATOR  TO  ENGINE  CYEINDER. 

5.  To  attach  the  indicator  to  the  engine,  a hole  is 
drilled  in  the  clearance  space  of  the  cylinder  and  tapped  for 
a |-inch  nipple.  If  this  liole  is*  in  the  top  of  the  cylinder, 
the  indicator  cock  may  be  screwed  directly  into  it,  or,  if 
more  convenient,  a nipple  and  coupling  may  be  used.  If 
the  cylinder  is  tapped  at  the  side,  a nipple'  and  elbow  may 
be  used  so  as  to  bring  the  indicator  into  a vertical  position ; 
since,  however,  it  is  desirable  to  keep  the  connections  to  the 
indicator  as  short  and  direct  as  practicable,  some  engineers 
prefer  to  omit  the  elbow  and  attach  the  indicator  in  a 
horizontal  position.  The  indicator  is  attached  directly  to 
the  cock  by  the  nut  r,  Fig.  2,  which  wedges  the  conical  pro- 
jection .y  of  the  indicator  tightly  into  the  cock  and  thus 
prevents  leakage  of  steam.  On  account  of  the  resistance 
offered  by  the  pipe  and  elbows  to  the  flow  of  steam  to  the 
indicator,  it  is  preferable  to  have  an  indicator  at  each  end 
of  the  cylinder,  but  if  that  is  not  convenient,  one  indicator 
may  be  connected  with  both  ends  of  the  cylinder  by  means 
of  a three-way  cock. 

G.  Most  cylinders  of  the  better  class  of  engines  are  now 
provided  with  bosses  having  holes  tapped  in  them  for  the 
convenient  application  of  the  indicator ; in  many  old  engines, 
however,  no  special  provision  for  the  indicator  has  been 
made.  In  such  cases  care  must  be  taken  to  drill  holes  that 
will  not  be  covered  with  the  piston  when  it  is  near  the  end 
of  the  stroke.  If  the  hole  cannot  be  tapped  directly  into 
the  clearance  space,  a passage  must  be  chipped  to  the 
clearance  space  in  order  that  the  steam  can  reach  the 
indicator. 

7.  The  indicator  connection  should  never  be  on  the  side 
of  the  cylinder  directly  opposite  to  the  steam  ports;  the 
current  of  entering  steam  would  strike  against  the  opening 
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leading  to  the  indicator,  and  the  pressure  shown  by  the 
diagram  would  thereby  be  considerably  increased.  With 
many  engines  that  have  not  been  provided  with  special 
indicator  attachments,  it  will  be  found  that  holes  for  this 
purpose  may  be  conveniently  drilled  and  tapped  in  the 
cylinder  heads. 


INDICATORS  FOR  SPECIAD  PURPOSES. 

8.  Gas-Engine  Indicators.  — An  indicator  specially 
adapted  to  gas  engines,  and  one  that  is  sometimes  applied  to 
steam  engines,  pumps, 
and  hydraulic  machin- 
ery when  high  pressures 
are  used,  is  shown  in 
Fig.  3.  The  cylinder 
has  two  bores  a and  b. 

The  larger  bore  a is 
^ square  inch  in  area 
(the  size  usually  em- 
.ployed  when  testing  a 
steam  engine),  and  the 
area  of  the  smaller 
bore  is  ^ square  inch. 

The  piston  c is^  fitted  to 
the  smaller  bore  and 
is  that  used  when  indi- 
cating a gas  engine  or 
a very  high  pressure  steam  engine.  It  gives  but  half  the 
movement  of  the  pencil  given  by  the  larger  piston  used  in  a ; 
so,  df  the  spring  used  is  stamped  40,  the  calculations,  when 
using  the  smaller  piston,  must  be  made  as  if  an  80-pound 
spring  had  been  used.  The  pencil  movement  is  also  of 
special  design,  the  moving  parts  being  stronger  and  more 
rigid  than  those  used  on  regular  steam-engine  patterns. 
With  the  regulation  piston  of  \ square  inch  area  in  cham- 
ber the  indicator  may  be  used  for  steam  engines  with 
ordinary  pressures. 


Fig.  3. 
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9.  Ammonia  Indicators. — For  use  on  the  ammonia 
cylinders  of  refrigerating  machines,  it  is  preferable  to  use  a 
special  indicator  the  working  parts  of  which  are  made  of 
steel  instead  of  brass,  because  ammonia  has  no  effect  on 
steel,  but  rapidly  corrodes  brass.  In  case  it  is  not  possible 
to  procure  an  ammonia  indicator,  an  ordinary  steam-engine 
indicator  will  answer  the  purpose,  provided  the  piston  is 
removed  after  every  set  of  cards  is  taken  and  both  cylinder 
and  piston  are  wiped  dry  and  well  covered  with  oil.  This 
will  prevent  the  ammonia  gas  from  attacking  the  portions 
of  the  indicator  made  of  brass. 


REDUCING  MOTIONS. 


PANTOGRAPH  MOTIONS. 

10,  Purpose  of  a Reducing**  Motion. — The  motion  of  the 
paper  drum  is  nearly  always  taken  from  the  crosshead.  How- 
ever, since  the  stroke 
of  the  crosshead  is 
longer  than  the  circum- 
ference of  the  drum,  it 
is  necessary  to  arrange 
a form  of  mechanism 
some  point  of  which 
will  copy  to  a reduced 
scale  the  stroke  of  the 
piston.  Such  a mech- 
anism is  called  a redu- 
cing* motion. 

11.  The  panto- 
graph, Fig.  4,  is  an  ex- 
cellent form  of  reducing 
motion.  It  consists  of 
four  links  joined  together  in  the  form  of  a parallelogram. 
One  of  the  links  n is  prolonged  and  is  pivoted  at  the  end  to 
the  crosshead  D.  The  opposite  corner  of  the  parallelogram 
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is  pivoted  to  the  fixed  point  C.  The  cord  is  attached 

to  the  point  E on  the  link  which  point  must  be  on  the 

straight  line  connecting  C and  D.  A B represents  the 

length  of  the  stroke.  Letting  h represent  the  length  of 

the  indicator  diagram,  we  have  the  following  proportions: 

A T>  1 r-  r-  r:  HA  CD 

A B \ h—  C D \ C E,  or  —7—  = 

h C E 

12.  The  lazy  tongs.  Fig.  5,  is  a modified  form  of  the 
pantograph  that  is  much  used  as  a reducing  motion.  It 


consists  of  a series  of  bars  joined  together  m such  a manner 
as  to  form  a flexible  frame.  The  joint  A of  the  frame  is 
attached  to  any  convenient  stationary  point  on  the  engine 
or  its  surroundings  and  B is  attached  to  the  crosshead. 
The  bar  C is  provided  with  a number  of  holes,  in  one  of 
which  is  placed  a pin  c to  which  the  indicator  cord  is  attached. 
The  bars  D and  E to  which  C is  joined  are  provided  with  a 
series  of  holes,  and  C may- be  placed  in  any  position  in  which 
its  ends  are  attached  to  holes  similarly  located  in  the  two 
bars.  For  each  position  of  L,  one  of  the  holes  in  it  wilLbe 
in  line  with  the  two  joints  A and  B at  the  extremity  of  the 
frame;  this  is  the  hole  in  which  the  pin  c is  to  be  placed  for 
that  position  of  C. 

13.  The  ratio  of  the  length  of  the  diagram  to  the  length 
of  the  stroke  is  equal  to  the  ratio  of  the  distance  A c to  the 
distance  A B\  this  is  true  for  any  distance  between  the 
points  A and  B.  To  find  the  correct  position  of  the  bar  C 
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for  a given  length  of  card,  when  the  length  of  stroke  is 
known,  set  the  points  A and  B at  some  convenient  distance 
apart;  multiply  this  distance  by  the  desired  length  of  the 
card  and  divide  the  product  by  the  length  of  the  stroke; 
the  quotient  so  obtained  will  be  the  distance  from  A at 
which  to  set  the  pin  keeping  A and  B at  the  distance 
apart  to  which  they  were  set  at  the  beginning  of  the  opera- 
tion. A very  convenient  method  of  locating  C is  to  make 
the  distance  A B equal  to  the  length  of  the  stroke  and 
then  locate  C so  that  the  distance  A c is,  as  nearly  as  possi- 
ble, equal  to  the  desired  length  of  the  diagram.  For  exam- 
ple, let  it  be  desired  to  take  a diagram  3J  inches  long  from  an 
engine  having  a stroke  of  32  inches;  make  the  distance  A B 
32  inches  and  then  attach  C to  the  holes  in  D and  E that 
will  make  the  distance  A r,  as  near  as  may  be  3|-  inches. 

14.  The  pantograph  and  lazy  tongs  are  theoretically 
correct  reducing  motions;  that  is,  the  motion  imparted  to 
the  indicator  cord  is  exactly  proportional  to  the  motion  of 
the  crosshead.  ‘ The  point  to  which  the  cord  is  attached 
moves  in  a straight  line  parallel  to  the  direction  of  motion 
of  the  crosshead.  The  fixed  point  of  either  the  pantograph 
or  lazy  tongs  may  be  at  any  place  that  will  enable  the  cord 
to  be  led  to  the  indicator  in  the  shortest  and  most  direct 
manner;  it  is  not  necessary,  as  is  sometimes  assumed,  to 
locate  the  fixed  point  on  a line  equidistant  from  both  ends 
of  the  stroke.  In  locating  the  point  of  attachment,  how- 
ever, it  is  important  to  guard  against  striking  the  joints  of 
the  frame  at  the  ends  of  the  stroke;  neglect  of  this  precau- 
tion may  result  in  breaking  the  reducing  motion.  A disad- 
vantage of  the  pantograph  is  the  danger  of  lost  motion  due 
to  wear  in  the  joints. 


SWINGING-LEVER  REDIICING  MOTIONS. 

15,  A lever  with  one  end  pivoted  at  some  convenient 
fixed  point  and  the  other  attached  to  the  crosshead  of  the 
engine  forms  one  of  the  simplest  reducing  motions ; and  if 
the  device  is  correctly  designed  and  carefully  constructed, 
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it  can  be  made  to  give  as  accurate  results  as  are  obtainable 
in  any  way.  Two  common  forms  of  swinging-lever  redu- 
cing motions  are  those  illustrated  in  Figs.  G and  7.  The 
form  shown  in  Fig.  6 is  called  the  slotted  swinging-  lever. 


The  lower  end  of  the  lever  is  slotted  and  fits  over  a pin  in 
the  crosshead;  the  other  end  of  the  lever  is  pivoted  at  a 
fixed  point  U and  the  cord  is  attached  at  V.  The  cord  is 
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guided  by  a pulley  Z so  that  it  will  leave  the  point  F in  a 
direction  parallel  to  the  line  of  motion  of  the  crosshead. 

In  the  device  shown  in  Fig.  7,  the  lever  is  connected  to 
the  crosshead  by  a link  IV  D.  The  cord  is  attached  to  the 

circumference  of  a grooved 
sector  E V F,  called  a Brumbo 
pulley.  The  center  of  the 
circle  of  which  the  sector  forms 
a part  lies  in  the  center  line  of 
the  lever  pivot  17.  The  sector 
may  be  attached  directly  to  the 
lever  or  it  and  the  lever  may 
be  keyed  to  a short  shaft  in 
such  a manner  that  the  cord 
can  be  led  directly  to  the  indi- 
cator. Instead  of  the  sector, 
the  cord  may  be  attached  to  a 

— — ^ ^ pin,  as'  in  the  motion  shown  in 

Fig.  6;  in  this  case  a guide 
pulley  similar  to  the  pulley  Z,  Fig.  6,  would  be  required. 


16.  Error  of  Swinging-Eever  Motions. — The  types 
of  swinging-lever  motion  illustrated  in  Figs.  6 and  7 are 
imperfect,  from  the  fact  that  the  motion  imparted  to  the 
cord  is  not  exactly  proportional  to  the  motion  of  the  cross- 
head. In  the  slotted  swinging  lever.  Fig.  6,  the  distance 
from  the  pivot  U to  the  center  of  the  pin  in  the  crosshead 
is  variable,  while  the  distance  from  [/  to  the  point  V to 
which  the  cord  is  attached  is  constant;  in  other  words, -the 
length  of  the  long  arm  of  the  lever  varies,  while  the  length 
of  the  short  arm  remains  constant.  This  results  in  a varia- 
tion in  the  relative  motions  of  crosshead  and  cord  for  differ- 
ent parts  of  the  stroke,  and  the  diagram  obtained  is,  in 
consequence,  distorted. 

With  the  motion  illustrated  in  Fig.  7,  the  link  W D acts 
like  a connecting-rod  to  transmit  the  straight-line  motion 
of  the  crosshead  to  the  end  of  the  lever  that  moves  in  a cir- 
cular arc ; the  link  thus  has  an  angular  motion  that  has  a 
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disturbing  effect  on  the  ratio  of  the  cord  movement  to  that 
of  the  crosshead.  The  result  is  a diagram  whose  propor- 
tions are  not  perfect. 

17.  Metliods  of  Reducing  tlie  Errors. — For  ordinary 
work  with  the  indicator,  the  amount  of  distortion  with  care- 
fully made  swinging-lever  motions  is  not  serious  and  may  be 
ignored.  To  secure  good  results,  the  levers  should  always 
be  suspended  from  such  a point  that  when  the  crosshead  is 
at  the  middle  of  its  stroke,  they  will  be  perpendicular  to  its 
line  of  motion.  The  accuracy  of  the  motion  will,  in  gen- 
eral, be  increased  by  increasing  the  length  of  the  levers ; for 
most  purposes  it  will  be  sufficient  to  use  a lever  whose  length 
is  twice  that  of  the  stroke,  and  in  some  cases  a lever  even 
shorter  than  this  is  used.  The  accuracy  of  the  motion  with 
the  connecting  link.  Fig.  7,  is  also  increased  by  increasing 
the  length  of  the  link;  for  ordinary  work,  a link  whose 
length  is  equal  to  one-third  of  the  length  of  the  stroke  may 
be  used.  The  lever  in  this  motion  should  be  so  suspended 
that  the  extreme  positions  of  IV  above  and  below  the  line  of 
motion  of  the  point  D are  about  equal. 

18.  Theoretically  Correct  Motions. — The  errors  of  the 
swinging-lever  motions  that  were  noted  in  Art.  16  can  be 
neutralized  and  a theoretically 
correct  reduction  obtained  by 
the  methods  illustrated  in  Figs.  8 
and  9.  In  each  of  the  figures 
the  cord  is  attached  to  a sliding 
bar  A whose  line  of  motion  is 
parallel  to  that  of  the  crosshead. 

In  Fig.  8 the  bar  A is  provided 
with  a pin  that  works  in  a slot 
in  the  swinging  lever.  By  this 
arrangement  the  ratio  of  the  dis- 
tances from  the  pivot  [/  to  the 
pins  W and  V is  constant  for  all 
positions  of  the  crosshead,  and 
the  motion  of  the  bar  A is  exactly 


Fig.  8. 
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proportional  to  that  of  the  crosshead.  In  Fig.  9 the  bar  .S' 
is  connected  to  the  sv/inging  lever  by  a short  link  V C.  In 

order  to  secure  a theoretically 
correct  reduction,  the  length 
of  this  link  must  be  such  that 
the  ratio  of  the  distance  V C 
to  the  distance  VV  D is  equal 
to  the  ratio  of  U V to  U IV, 
and  the  bar  5 must  be  so  loca- 
ted that  the  center  lines  V C 
and  W D of  the  two  links  are 
parallel.  When  these  condi- 
tions are  fulfilled  and  the 
points  U,  V,  and  W lie  in  the 
same  straight  line,  the  center 
of  the  joint  C lies  on  the 
straight  line  joining  f/and  D. 
The  cord  must  be  guided  by  pulleys,  as  so  that  it  will 
leave  the  bars  S,  Figs.  8 and  9,  in  a direction  parallel  to  the 
line  of  motion  of  the  bars. 


Fig.  9. 


19.  Rule  for  Proportioning  Swinging;- Fever  Mo- 
tions.— With  any  swinging-lever  reducing  motion,  the  ratio 
of  the  length  of  the  diagram  to  the  length  of  the  stroke 
is  equal  to  the  ratio  of  the  distance  from  the  pivot  to  the 
point  of  attachment  of  the  cord  to  the  distance  from  the 
pivot  to  the  pin  by  means  of  which  the  lever  is  connected  to 
the  crosshead;  thus,  with  either  of  the  motions  shown  in 
Figs.  G to  9,  let  / represent  the  length  of  the  diagram  and 


L the  length  of  the  stroke,  then  ~ ~ Jj^’ 


In  accordance 


with  this  principle,  we  have  the  following 


Rule. — To  find  the  distance  from  the  pivot  at  which  to 
connect  the  cord,  or  to  fnd  the  radius  of  the  Briimbo  pul- 
ley zvhen  the  length  of  the  stroke,  the  length  of  the  dia- 
gram, and  the  distance  from  the  pwot  of  the  lever  to  the  point 
zvhere  it  is  connected  zoith  the  crosshead  are  knozvn,  multiply 
the  length  of  the  diagram  by  the  distance  from  the  pivot  to 
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the  point  of  the  lever  at  ivhtch  it  is  connected  with  the  cross- 
head and  divide  the  product  by  the  length  of  the  stroke. 

Let  / = length  of  diagram ; 

L — length  of  stroke; 

d — distance  from  pivot  to  point  of  attachment  of 
cord  (see  U V,  Figs.  6 to  9) ; 

D = distance  from  pivot  to  point  where  lever  is  con- 
nected to  crosshead  (see  [/  PV,  Figs.  6 to  9). 

Then,  d = 

Example  1. — The  stroke  of  an  engine  is  28  inches;  the  length  U W 
of  the  lever  is  6 feet;  what  must  be  the  distance  U V to  give  a diagram 
3^  inches  long  ? 

Solution. — Applying  the  rule  just  given,  we  have 

, 72  X . . 

a = — — — = 9 m.  Ans. 

28 

Example  2. — In  Fig.  7 find  the  radius  U V oi  the  arc  E F order 
that  the  diagram  may  be  Si  inches  long,  the  stroke  of  the  engine  being 
38  inches  and  the  length  U IV  being  5 feet  5 inches. 

Solution. — This  example  is  solved  in  the  same  manner  as  the  pre- 
ceding one.  The  effective  length  of  the  lever  is  5 feet  5 inches 
= 65  inches.  Applying  the  rule,  we  have 

d = radius  of  arc  E F — — = 6 in.,  nearly.  Ans. 


REDUCING  WIIEEES. 

20,  Reducing^  wheels  form  a very  convenient  and 
theoretically  accurate  method  of  reducing  the  motion  of  the 
crosshead  to  the  required  value  for  the  paper  drum.  These 
wheels  are  furnished  in  a variety  of  forms,  some  of  which 
are  designed  to  be  attached  directly  to  the  indicator,  while 
others  are  provided  with  means  for  clamping  to  some  point 
on  the  engine  bed.  One  of  the  latter  type  is  illustrated  in 
Fig.  10.  The  cord  a is  attached  to  a bar  or  rod  fastened  to 
the  crosshead  in  such  a manner  that  the  cord  will  lead 
from  it  to  the  wheel  in  a line  parallel  to  the  line  of  motion 
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of  the  crosshead,  and  the  cord  b is  attached  to  the  indi- 
cator drum.  The  smaller 
pulley  can  be  removed  and 
replaced  by  one  of  several 
others  of  different  sizes.  The 
proportions  of  the  two  pul- 
leys can  thus  be  varied  so  as 
to  secure  the  desired  length 
of  diagram.  Thus,  if  the 
stroke  of  the  engine  is 
12  inches  and  the  desired 
length  of  the  diagram  is 
3 inches,  the  diameter  of  the 
larger  pulley  should  be  four 
times  that  of  the  smaller. 
The  hub  of  the  larger  wheel 
contains  a spring  that  is 
wound  up  when  the  cord  a 
is  unwound  from  the  wheel 
by  the  outward  motion  of  the 
crosshead  ; when  the  cross- 
head makes  its  return  stroke, 
the  spring  turns  the  wheel  and  winds  the  cord  on  again. 


Fig. 10. 


REDUCING  MOTIONS  FOR  HIGH  SPEEDS. 

31.  When  an  engine  has  a high  rotative  speed,  the  quick 
changes  in  direction  of  motion  set  up  severe  stresses  in  a 
reducing  gear.  In  a pantograph  or  a swinging-lever  motion, 
these  stresses  are  likely  to  cause  a springing  of  the  parts 
that  will  distort  the  diagram  and  lead  to  erroneous  results. 
The  shocks  and  stresses  also  tend  to  wear  the  joints  rapidly; 
the  lazy-tongs  motion,  with  its  great  number  of  joints 
and  moving  pieces,  is  on  this  account  poorly  adapted  for 
high-speed  work.  A swinging  lever,  if  made  of  stiff  and 
light  wood  with  joints  bushed  and  neatly  fitted,  will  give 
good  results  at  nearly  any  speed  of  rotation  at  which  it  is 
practicable  to  run  an  engin'e.  Instead  of  bushing  the  joints., 
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they  may  be  made  adjustable  as  shown  in  Fig.  11.  The 
end  of  the  bar  is  split  by  a saw  kerf  passing  through  the 
center  of  the  hole  forming  the  pivot  bearing 
and  extending  far  enough  into  the  bar  to 
permit  the  two  parts  to  be  drawn  up  tight 
against  the  pivot  by  a wood  screw  N. 

Instead  of  the  screw  a somewhat  more  sub- 
stantial method  is  to  use  a small  bolt  passing 
through  the  end  of  the  bar.  A joint  made 
in  this  way  and  fitted  to  a turned  pin,  if  well 
lubricated,  gives  the  best  satisfaction  and 
lasts  almost  indefinitely. 

22.  With  reducing  wheels  the  quick 
reversals  of  the  direction  of  rotation  that 
take  place  at  high  speeds  make  it  necessary 
to  use  a stiff  spring  to  overcome  the  inertia  of  the  wheel. 
To  reduce  the  inertia,  the  wheels  are  made  as  light  as 
is  practicable  ; with  many  reducing  wheels,  lightness  is 
secured  by  the  use  of  aluminum.  The  better  class  of  redu- 
cing wheels  can  now  be  successfully  used  for  nearly  any  speed 
of  rotation  likely  to  be  met  with. 


Fig.  11. 


INDICATOR  CONNECTIONS. 

23.  Indicator  Cords.^ — In  order  to  transmit  the  motion 
from  the  reducing  motion  to  the  paper  drum  with  as  little 
loss  or  distortion  as  possible,  it  is  necessary  to  use  a cord 
that  will  stretch  but  little.  To  meet  this  requirement, 
indicators  are  generally  supplied  with  a special  braided  cord 
that  will  give  good  results  for  most  purposes.  In  the  case  of 
large  engines,  where  long  cords  are  required,  the  amount  of 
stretch  with  the  best  cord  obtainable  is  considerable  and 
may  result  in  a distortion  that  would  be  undesirable  for 
accurate  tests.  For  such  cases  a fine  copper  or  steel  wire 
may  be  used  to  advantage.  It  is  always  best  to  so  arrange 
the  reducing  motion  and  indicator  that  the  cord  may  be  led 
to  the  paper  drum  in  the  shortest  and  most  direct  practicable 
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line.  When  the  cord  is  attached  to  a pin  on  the  reducing 
motion,  it  must  be  guided  so  as  to  leave  bhe  pin  in  the  line 
of  its  motion,  as  is  illustrated  in  Figs.  6,  8,  and  9;  the  use 
of  guide  pulleys  should,  however,  be  avoided  as  much  as  it  is 
practicable. 

24:.  stop  Motions. — Various  means  are  used  to  stop  the 
motion  of  the  paper  drum  when  it  is  required  to  change  the 

paper  or  when  the  indi- 
cator is  not  in  use.  . A 
common  method  is  to 
have  a short  cord  at- 
tached to  the  paper 
drum  with  a hook  a,  Fig.  12,  on  the  end;  the  cord  from  the 
reducing  motion  has  a loop  into  which  the  hook  may  be 
fastened  when  it  is  desired  to  operate  the  paper  drum.  The 
length  of  the  cord  from  the  reducing  motion  can  readily  be 
made  adjustable  by  the  use  of  a loop  /,  formed  as  shown 
in  Fig.  12.  The  thin  strip  of  wood  or  metal  provides  a 
very  ready  means  of  changing  the  length  of  the  loop  and  of 
tying  it  securely  in  any  position.  To  prevent  the  cord  lead- 
ing from  the  reducing  motion  from  being  thrown  about  and 
getting  tangled  when  it  is  unhooked  from  the  cord  leading 
to  the  paper  drum,  it  is  well  to  have  a rubber  band  fastened 
in  a convenient  position  and  provided  with  a hook  into  which 
the  loop  / may  be  secured.  The  elasticity  of  the  rubber  band 
can  thus  be  made  to  keep  the  cord  stretched  and  to  prevent 
it  from  being  tangled  and  broken. 

25.  Paper  drums  are  sometimes  provided  with  a stop 
motion  that  will  hold  them  in  place  and  prevent  the  cord 
from  being  wound  on ; this  merely  has  the  same  effect  as 
lengthening  the  cord,  but  is  open  to  the  objection  that 
at  high  speeds  the  loose  cord  is  apt  to  make  trouble  by  flying 
about  and  getting  caught.  In  addition  to  the  stop  motions 
al)ove  noted,  indicator  manufacturers  have  designed  a 
number  of  very  useful  devices,  some  of  which  absolutely 
prevent  any  trouble  with  the  cord  and  make  it  easy  to  start 
and  stop  the  paper  drum. 


Fig.  12. 
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SPECIAD  ATTACHMENTS. 

20.  Simultaneous  Hiagrams. — With  an  engine  having 
two  or  more  cylinders  it  is  sometimes  desirable  to  take  a 
diagram  simultaneously'from  each  end  of  all  the  cylinders  so 
as  to  get  a record  of  what  takes  place  in  each  cylinder  at  some 
particular  time.  It  is  difficult  for  a number  of  operators  to 
apply  the  pencils  of  a set  of  indicators  to  the  paper  all  at  the 
same  time ; and,  to  overcome  this  difficulty,  a number  of 
devices  have  been  invented  by  means  of  which  the  pencils  of 
all  the  indicators  can  be  simultaneously  operated  by  one 
person.  Of  these  devices  the  simplest  and  most  successful 
is  an  electromagnet  that  is  attached  to  the  indicator.  AVhen 
a number  of  indicators  are  to  be  operated  simultaneously, 
the  electromagnets  of  all  are  connected  by  a wire;  when  a 
current  is  sent  through  the  wire  by  pressing  a button  or  key, 
each  electromagnet  pulls  its  pencil  against  the  paper  and 
holds  it  there  until  the  circuit  is  opened. 


mDICATOH  DIAGRAMS. 


DIRECTIONS  FOR  TAKING  DIAGRAMS. 

27.  The  makers  of  indicators  furnish  very  complete 
instructions  for  the  care  and  use  of  their  instruments;  these 
instructions  should  be  carefully  studied  before  attempting 
to  use  a new  indicator  or  one  with  which  the  user  is  not 
thoroughly  familiar.  The  following  directions  for  taking 
diagrams  apply  to  all  makes  of  indicators:  Before  attaching 
the  indicator  to  the  engine,  see  that  it  is  clean  and  in  good 
working  order.  The  piston  should  move  freely.  See  that 
the  joints  of  the  various  levers  and  links  are  oiled  with  fine 
oil  and  that  they  are  slack  enough  to  avoid  friction,  yet 
not  so  slack  as  to  allow  the  pencil  to  shake.  Adjust  the 
pencil  so  that  it  just  touches  the  paper  and  sharpen  the 
point  so  that  it  makes  a very  fine  light  line.  A heavy  coarse 
line  on  a diagram  indicates  poor  work. 
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Select  a spring  that  will  give  a diagram  about  or 
If  inches  in  height.  If,  upon  trial,  the  spring  chosen 
makes  a wavy  line,  choose  a stiffer  one.  A stiffer  spring  is 
required  on  a fast-running  engine  than  on  a slow-running 
engine  when  the  steam  pressure  is  the  same.  See  that  there 
is  no  backlash  between  the  piston  and  spring. 

Adjust  the  length  of  the  cord  so  that  the  drum  turns 
backwards  and  forwards  without  striking  either  of  the  stops 
at  the  end  of  the  travel.  When  it  touches  one  or  the  other 
of  the  stops,  the  cord  is  either  too  short  or  too  long.  If  it 
touches  both,  the  travel  of  the  drum  is  too  great,  and  the 
cord  must  be  fastened  to  a point  on  the  reducing  motion 
having  less  travel. 

Keep  the  drum  moving  only  when  taking  diagrams. 
Unhook  the  cord  before  putting  a paper  on  the  drum.  In 
putting  on  the  card,  see  that  it  fits  the  drum  without 
wrinkles,  and  fold  back  the  projecting  edges  over  the 
clips  Fig.  1,  so  that  they  will  not  touch  the  pencil  lever. 

28.  Before  taking  the  diagram,  turn  on  the  steam  a 
minute  or  so  to  warm  the  indicator;  then  press  the  pencil 
lightly  on  the  paper  long  enough  to  take  a single  diagram. 
Shut  the  cock  and  again  press  the  pencil  to  the  paper. 
Since  the  indicator  piston  is  then  only  subjected  to 
atmospheric  pressure,  the  pencil  will  make  a straight  line 
called  the  atmospheric  line.  Disconnect  the  cord  and  remove 
the  card.  Write  on  the  card  the  scale  of  the  spring  used,  the 
speed  of  the  engine,  and  any  other  desired  particulars. 

If  one  indicator  is  used  for  both  ends,  first  open  the  three- 
way  cock  to  admit  steam  from  one  end.  Take  the  diagram 
and  open  the  cock  to  the  other  end,  and  take  the  diagram 
from  that  end.  Then  shut  off  the  steam  entirely  and  take 
the  atmospheric  line. 


GENERAD  FEATURES. 

29.  I ’iirposc. — In  actual  practice  the  imperfections  in 
the  construction  of  the  engine  and  the  velocity  at  which 
the  steam  must  flow  through  the  pipes  and  ports  combine 
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to  modify  the  pressures  in  the  cylinder  and,  in  consequence, 
the  form  of  the  diagram  drawn  by  the  indicator  pencil.  By 
a careful  study  of  the  peculiar  features  of  the  diagram,  an 
experienced  engineer  is  able  to  determine  with  a consid- 
erable degree  of  certainty  the  general  type  and  condition  of 
the  engine  and  the  circumstances  under  which  the  diagrams 
were  taken.  The  following  general  outline  of  the  charac- 
teristic features  of  diagrams  taken  under  different  conditions 
will  enable  the  student  to  interpret  most  of  the  diagrams 
with  which  he  will  meet. 

30.  Points  and  Dines  of  tlie  Diagri’ams. — In  Figs. 
13  and  14  are  shown  indicator  diagrams  from  the  crank  end 


and  head  end  of  an  engine.  The  different  points  of  the 
stroke  are  plainly  shown.  They  are  as  follows: 

1 is  the  beginning  of  the  stroke. 

2 is  the  point  of  cut-off. 

S is  the  point  of  release. 

Ji  is  the  end  of  the  stroke. 

5 is  the  point  of  compression 

6 is  the  point  of  admission. 
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The  lines  included  between  any  two  of  these  points  have 
received  special  names,  which  are  as  follows: 

6-1  is  the  admission  line. 

1- 2  is  the  steam  line. 

2- 3  is  the  expansion  curve. 

3- lf-5  is  the  period  of  release. 
lf-5  is  the  back  pressure  line. 

5-6  is  the  compression  curve. 

A Z is  the  atmospheric  line. 


31.  Tlie  Vacuum’ Dine. — It  is  sometimes  desirable  to 
have  the  vacuum  line  (line  of  no  pressure)  on  the  card  also. 
The  vacuum  line  may  be  drawn  below  and  parallel  to  the 
atmospheric  line.  The  distance  between  them  will  be 


14.7 


scale  of  spring 


inches.  Thus,  if  the  scale  of  the  indicator 


spring  is  30,  the  vacuum  line  lies 


14.7 

30 


.49  inch  below  the 


atmospheric  line.  When  great  accuracy  is  desired,  the 
vacuum  line  should  be  located  in  accordance  with  the  indi- 
cation of  the  barometer.  This  is  especially  desirable  when 
the  engine  is  located  at  a great  altitude  above  sea  level. 
Then  the  distance  between  the  atmospheric  and  vacuum 
lines  may  be  found  by  multiplying  the  reading  of  the 
barometer  in  inches  by  .49  and  dividing  by  the  scale  of 
the  spring.  For  instance,  if  the  barometer  stands  at  25  inches 
and  the  scale  of  the  indicator  spring  is  30,  the  vacuum  line 


should  be  drawn  at  a distance  of 


25  X .49 
30 


= .41  inch  from 


the  atmospheric  line. 


3^.  Two  Diasi^rams  on  a Sinp^le  Card. — If  but  one 
indicator  is  used,  the  two  diagrams  are  taken  on  the  same 
blank,  as  shown  in  Fig.  15.  With  the  diagrams  placed  one 
over  the  other,  as  sliown,  it  is  very  easy  to  tell  what  is  taking 
place  in  the  cylinder  at  any  point  of-  the  stroke.  On  the 
forward  stroke  the  pencil  of  the  indicator  describes  the 
line  A B C D of  the  head  diagram  if  the  cock  is  opened  to 
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the  head  end.  or  it  describes  the  line  K L M \i  the  cock  is 
opened  to  the  crank  end.  Likewise,  the  lines  GlIJK 
and  D EF  diVQ  described  during  the  return  stroke. 


Forward.  ^ ^ Retur'tt, 


Suppose  the  piston  is  at  a position  corresponding  to  r on 
the  forward  stroke ; the  pressure  (above  vacuum)  urging 
the  piston  forwards  is  r S,  while  the  pressure  resisting  is  r f. 
Hence,  the  net  pressure  on  the  piston  is  N t.  vSuppose,  now, 
that  the  piston  is  at  r on  the  return  stroke ; the  pressure  at 
the  right  urging  the  piston  on  is  r?t,  while  the  pressure  on 
the  left  is  r v.  The  net  pressure  is,  therefore,  u and  is 
negative ; or,  in  other  words,  the  resistance  is  greater  than 
the  effort. 

33.  A double  diagram  of  this  character  tells  at  a glance 
what  is  taking  place  at  either  end  of  the  cylinder  at  any 
point  of  the  stroke.  Thus,  when  the  piston  is  on  the  for- 
ward stroke,  in  the  position  corresponding  to  ?;/,  the  steam 
in  the  head  end  is  at  the  point  of  release  C.  Draw  a line 
through  m perpendicular  to  the  vacuum  line.  C lies 
on  ABC,  and  since  KLM  is  described  at  the  same  time 
a.s  A B Cy  the  intersection  of  the  line  through  C with  the 


22 


THE  INDICATOR. 


§24 

line  K L M is  the  point  corresponding  to  C.  The  intersec- 
tion w is  on  the  compression  line;  hence,  when  release 
occurs  in  the  head  end,  compression  is  taking  place  in  the 
crank  end. 

34.  Effect  of  Type  and  Speed  of  Engine  on  Form  of 
Diagram. — The  form  of  a good  diagram  depends  largely 


Fig.  16. 

on  the  type  of  the  engine,  style  of  valve,  and  speed.  What 
would  be  considered  a good  diagram  from  a locomotive  or 
from  a high-speed  automatic  engine  would  be  considered 
very  poor  if  taken  from  a Corliss  engine.  In  general,  a 
diagram  taken  from  an  engine  with  releasing  gear  of  the 
Corliss  type  will  be  regular  and  show  but  little  compression. 


The  point  of  cut-off,  release,  and  compression  will  be  sharply 
marked.  The  diagram  shown  in  Fig.  16  is  what  may  be 
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expected  from  this  type  of  engine  when  the  valves  are  cor- 
rectly set  and  in  good  working  order.  The  fact  that  the 
back-pressure  line  runs  below  the  atmospheric  line  shows 
plainly  that  the  engine  the  card  was  taken  from  was  con- 
densing. On  the  other  hand,  Fig.  17  shows  the  form  of 
diagram  that  may  be  expected  from  an  engine  running  at 
250  to  300  revolutions  per  minute.  On  account  of  the  high 
rotative  speed,  the  lines  are  irregular,  due  to  the  inertia  of 
the  moving  parts  of  the  indicator.  The  compression  is 
large,  as  it  should  be  for  engines  running  at  a high  speed. 
The  point  of  cut-off  is  never  very  sharply  marked. 

It  is  readily  seen  how  totally  unlike  are  the  diagrams 
shown  in  Figs.  16  and  17,  yet  each  is  considered  as  repre- 
senting good  practice. 


FAXJETS  IN  TADVE  SETTING  REVEAEED  BY 
DIAGRAMS. 


FAULTS  IN  STEAM  DISTRIBUTION. 

35.  Some  of  the  most  common  faults  revealed  by  the 
indicator  diagram  are  given  below.  In  the  diagram  follow- 
ing, Figs.  18  to  22, 

1 is  the  admission. 

2 is  the  cut-off. 

3 is  the  release. 

Jf-  is  the  compression. 

I.  Admission  may  be  too  early. 

II.  Admission  may  be  too  late. 

III.  Cut-off  may  be  too  early. 

IV.  Cut-off  may  be  too  late. 

V.  Release  may  be  too  early. 

VI.  Release  may  be  too  late. 

VII.  Compression  may  be  too  early. 

VIII.  Compression  may  be  too  late. 
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36.  Case  I.  Admission  Too  Early. — The  effect  on  the 
diagram  of  a too  early  admission  is  shown  in  Fig.  18.  It  is 


a 


seen  that  the  admission  line  1 a,  instead  of  being  straight 
and  perpendicular  to  the  atmospheric  line,  as  in  Figs.  13 
to  16,  slants  backwards.  With  a single  slide  valve  or  piston 
valve,  all  the  other  events,  cut-off,  release,  and  compres- 
sion, are  also  too  early.  The-  remedy  is  to  shift  the  eccen- 
tric on  the  shaft  so  as  to  decrease  its  angular  advance. 

In  the  case  of  the  Corliss  engine,  the  admission  may  be 
too  early,  while  the  other  points  are  not  affected.  The 
fault  may  then  be  remedied  by  adjusting  the  link  rods  so 
as  to  give  the  steam  valves  more  lap,  and  it  may  not  be 
necessary  to  shift  the  eccentric. 

The  effect  of  too  early  admission  is  to  introduce  an  excess- 
ive resistance  to  the  motion  of  the  piston  before  it  reaches 
the  end  of  the  stroke;  in  consequence,  the  piston  must  be 
pushed  to  the  end  of  its  stroke  by  the  momentum  of  the  fly- 
wheel acting  through  the  crank  and  connecting-rod.  The 
result  is  likely  to  be  pounding  at  the  crosshead,  crank,  and 
main  bearing. 


37.  Case  II.  Admission  Too  Eate. — In  this  case  the 
admission  line  1 a on  the  diagram  slants  forwards,  as  shown 
in  Fig.  19.  The  remedy  is  to  increase  the  angular  advance 
until  the  admission  line  1 a becomes  perpendicular  to  the 
atmospheric  line.  With  a single  slide  valve  in  the  case  of  a 
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too  late  admission,  the  other  events,  as  and  particularly  8 
and  Jf,  are  also  too  late. 


In  case  the  engine  has  a Corliss  or  other  releasing  gear, 
the  admission  may  be  made  earlier  by  reducing  the  lap  of 
the  admission  valves. 

The  effect  of  late  admission  on  the  running  of  the  engine 
is  not  generally  as  noticeable  or  severe  as  is  too  early  admis- 
sion. It  is,  however,  generally  desirable  to  give  the  valves 
enough  lead  to  have  the  clearance  space  filled  with  steam  at 
the  boiler  pressure  just  as  the  piston  begins  its  stroke. 

38.  Case  III.  Cut-Off*  Too  Early. — See  Fig.  20.  Here 
the  steam  expands  until  its  pressure  is  less  than  the  back 


pressure;  in  consequence,  the  expansion  line  crosses  the 
back-pressure  line,  as  shown  at  C,  and  forms  a loop.  This 
effect  is  often  observed  in  automatic  cut-off  engines  working 
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under  a light  load.  It  causes  a reversal  of  the  pressures  on 
the  piston  that  may  result  in  pounding.  The  great  range 
in  pressure  also  has  a bad  effect  on  the  steam  consumption. 

39.  Case  IV.  Cut-Off  Too  Date.— See  Fig.  21.  Here 
it  will  be  noticed  that  the  terminal  pressure  is  very  high. 


When  this  is  the  case,  a great  deal  of  the  benefit  of  expan- 
sion is  lost  and  there  is  a consequent  waste  of  steam.  With 
an  ordinary  plain  slide-valve  engine,  the  cut-off  is  always 
late,  it  not  being  practicable  to  cut  off  earlier  than  -J-  stroke 
without  seriously  affecting  the  other  events. 

40.  Case  V.  Release  Too  Early. — The  appearance  of 
the  diagram  for  this  case  is  illustrated  in  Fig.  18. 

41.  Case  VI.  Release  Too  Fate. — This  is  illustrated 
in  Fig.  19. 

43.  Case  VII.  Compression  Too  Early. — Figs.  20 
and  22  show  the  effects  of  too  early  compression.  The  steam 
is  compressed  in  the  clearance  space  until  its  pressure  rises 
above  that  of  the  steam  in  the  steam  chest ; when  the  steam 
valve  opens  there  is  a flow  of  steam  from  the  cylinder  to  the 
steam  chest,  as  is  shown  by  the  loop,  until  the  pressures  in 
the  cylinder  and  steam  chest  are  nearly  equal.  If  the  steam 
valve  has  no  lead,  the  compression  line  may  rise  above  the 
admission  line,  as  shown  at  Fin  Fig.  20;  with  lead,  the  loop 
will  have  the  form  shown  in  Fig.  22  and  at  A in  Fig.  20. 
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Too  much  compression  is  likely  to  produce  an  effect  on  the 
running  of  the  engine  similar  to  that  produced  by  too  early 
admission ; pounding  and  heating  are  often  to  be  ascribed 
to  this  cause.  It  also  reduces  the  effective  work  of  the  steam. 


With  the  same  cut-off  and  the  proper  amount  of  compression, 
an  amount  of  work  that  is  represented  by  the  area  a b 
Fig.  22,  included  between  the  line  Jf.  a and  the  dotted  line  a b 
plus  the  area  of  the  loop,  would  be  gained. 

43.  Case  VIII.  Compression  Too  Tate.  — This  is 
shown  on  the  diagram  by  a very  short  compression  curve 
(see  Jf.-!,  Fig.  19)  or  by  the  almost  complete  absence  of  such 
a curve. 


REMEDIES  FOR  EAUETS  IN  STEAM  DISTRIBUTION. 

44.  Most  of  the  faults  enumerated  in  the  preceding 
articles  are  due  either  to  incorrect  valve  proportions  or  to  a 
fault  in  the  setting;  the  remedy  to  be  applied  in  any  par- 
ticular case  will,  therefore,  be  determined  by  a careful  con- 
sideration of  the  type  of  engine  and  the  conditions  under 
which  the  diagram  was  taken.  With  a plain  slide  valve 
driven  by  a fixed  eccentric,  a change  in  the  angle  of  advance 
of  the  eccentric  will  have  an  effect  on  all  the  events. 
Increasing  the  angle  of  advance  will  make  admission, 
cut-off,  and  release  take  place  earlier  and  increase  the 
compression;  decreasing  the  angle  will  have  the  opposite 
effect.  A general  rule  is  that  an  increase  in  the  angle  of 
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advance  of  any  eccentric  with  a fixed  throw  has  the  effect  of 
making  all  the  events  controlled  by  that  eccentric  take  place 
earlier,  while  a decrease  in  the  angle  will  make  them  take 
place  later.  This  rule  applies  to  all  types  of  valves  and  gears. 

It  is  generally  desirable  to  set  the  valves  so  that  the  work 
done  will  be  equally  divided  between  the  two  ends  of  the 
cylinder.  If  an  indicator  diagram  shows  a material  dif- 
ference in  the  work  done  in  the  two  ends  of  a cylinder  with 
a slide  valve,  the  fault  can  be  remedied  by  changing  the 
length  of  the  valve  stem  so  as  to  make  the  cut-off  take  place 
earlier  on  the  end  doing  the  greater  amount  of  work  and 
later  on  the  other.  With  an  engine  having  a separate  steam 
valve  for  each  end  of  the  cylinder,  either  valve  may  be 
adjusted  so  as  to  make  it  cut  off  earlier  or  later  without 
affecting  the  other. 


45.  Remedy  for  Too  Early  Cut-Off. — The  fault  illus- 
trated in  Case  III  and  Fig.  20  cannot  be  remedied  by  a change 
in  the  valve.  It  is  found  only  in  the  case  of  automatic  or 
adjustable  cut-off  engines  working  with  a light  load  and  a 
high  boiler  pressure.  The  cause  is  a steam  pressure  too 
great  for  the  work  to  be  done  with  the  given  size  of  cylinder 
and  piston  speed.  The  remedy  is  either  to  throttle  the 
steam,  lower  the  boiler  pressure,  or  run  the  engine  at  a 
slower  speed.  That  any  of  these  remedies  will  have  the 
desired  effect  will  be  made  clear  by  a consideration  of  Fig.  23. 

The  solid  line  a b c 
represents  the  expan- 
sion line  of  a diagram 
when  cut-off  is  so 
early  that  the  steam 
expands  below  the 
^ back-pressure  line  d e. 

23.  The  work  done  is 

represented  by  the  area  a b f e minus  the  area  f d c.  Now 
let  the  steam  be  throttled  or  the  boiler  pressure  be  lowered 
so  that  the  initial  pressure  will  rise  only  to  a' . In  order  that 
the  work  done  in  the  cylinder  may  be  the  same  with  this 
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pressure  as  it  was  with  the  higher  pressure,  it  is  evident  that 
cut-off  must  take  place  enough  later  to  raise  the  expansion 
line  b"  c'  far  enough  above  the  expansion  line  b c to  give  the 
diagram  a'  b"  c' d e a'  an  area  equal  to  the  net  area  repre- 
sented by  the  full-line  diagram.  On  account  of  the  later  cut- 
off, the  terminal  pressure  does  not  fall  below  the  back- 
pressure line  and  no  loop  is  formed. 

If  the  number  of  revolutions  per  minute  is  reduced,  the  total 
work  done  by  the  engine  remaining  constant,  it  is  evident 
that  the  work  done  during  each  stroke  must  be  increased; 
this  will  require  the  admission  of  steam  during  a greater 
portion  of  the  stroke,  so  as  to  produce  a diagram  having  a 
greater  area ; expansion  will  begin  later  and  the  expansion 
line  will  be  prevented  from  falling  below  the  back-pressure 
line,  as  is  indicated  by  the  dotted  line  b'  c' , 

46.  Remedy  for  Too  Date  Cut-Off. — With  an  adjustable 
c2it-off^  the  fault  illustrated ' by  Fig.  21  can  be  remedied 
either  by  raising  the  boiler  pressure  so  that  the  same  area 
of  diagram  Avill  be  obtained  with  an  earlier  cut-off  or  by 
increasing  the  number  of  revolutions  per  minute  so  as  to  do 
the  same  work  with  a smaller  average  pressure.  By  either 
method  the  cut-off  will  be  made  to  take  place  earlier  in  the 
stroke,  and  the  expansion  line  will,  in  consequence,  fall 
nearer  to  the  back-pressure  line. 

47.  Release  Too  Early  or  Too  Rate. — If  the  release  is 
too  early,  there  is  danger  of  loss  of  pressure  due  to  the 
escape  of  the  steam  too  early  in  the  stroke ; on  the  other 
hand,  if  the  release  is  too  late,  the  escape  of  the  steam  will 
be  so  much  retarded  that  the  back  pressure  at  the  beginning 
of  the  return  stroke  will  be  excessive.  Either  of  these  will 
represent  a loss  of  work.  The  valve  should  be  so  designed 
and  set  that  the  drop  from  the  expansion  line  to  the  back- 
pressure line  will  occur  as  nearly  as  possible  at  the  end  of 
the  stroke.  If  the  engine  is  provided  with  separate  steam 
and  exhaust  valves,  this  condition  will  best  be  fulfilled  by 
setting  the  exhaust  valves  so  that  one-half  of  the  fall  in 
pressure  occurs  before  the  piston  begins  its  return  stroke; 
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the  release  line  will  then  have  a form  that  is  well  shown  in 
Fig.  15.  With  a single-valve  engine  it  is  often  very  diffi- 
cult to  secure  a satisfactory  release  line  without  seriously 
affecting  the  other  events  controlled  by  the  valve. 

48.  Rules  for  Compression. — The  best  indication  that 
the  amount  of  compression  is  satisfactory  is  a quiet-  and  cool- 
running engine.  At  the  end  of  the  stroke  the  reciprocating 
parts  must  have  their  direction  of  motion  changed ; a force 
must  act  to  stop  them  and  reverse  their  direction  of  motion. 
By  closing  the  exhaust  before  the  end  of  the  stroke,  a part 
of  the  steam  that  would  otherwise  escape  from  the  exhaust 
pipe  and  be  lost  is  retained  in  the  cylinder  and  acts  as  a 
cushion  that  helps  to  stop  the  reciprocating  parts  quietly. 
The  energy  given  up  by  the  reciprocating  parts  in  being 
brought  to  rest,  instead  of  being  wasted  in  the  production 
of  knocks  that  would  result  in  heating  and  rapid  wear  in  the 
bearings,  is  stored  in  the  steam  compressed  in  the  clearance 
space.  The  clearance  space  is  thus  filled  with  steam  at  a 
pressure  more  nearly  equal  to  the  boiler,  pressure,  and  the 
quantity  of  steam  that  must  be  taken  from  the  boiler  is 
correspondingly  reduced. 

If  there  is  too  little  compression,  the  reciprocating  parts 
will  not  be  satisfactorily  cushioned;  if  there  is  too  much 
compression,  the  energy  due  to  the  motion  will  be  absorbed 
before  the  end  of  the  stroke;  the  piston  must  then  be 
pushed  by  the  crank.  In  either  case  the  effect  will  be  a 
sudden  reversal  in  the  pressures  on  the  bearings  that  will 
produce  shocks  and  heating. 

49.  No  simple  rule  for  determining  the  exact  amount  of 
compression  to  use  can  be  given;  however,  it  may  be  stated 
that  the  amount  of  compression  required  to  secure  quiet 
running  varies  with  the  speed  of  the  engine,  but  in  no  case 
should  the  compression  line  extend  above  the  initial  or  boiler 
pressure. 

It  is  average  practice  to  compress  to  about  the  initial 
pressure  with  high-speed  engines,  with  medium-speed 
engines,  and  from  to  with  slow-speed  engines. 
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OTHER  EAUETS  REVEAEED  BY  DIAGRAMS. 

50.  Introduction. — In  addition  to  faults  in  valve  design 
and  setting,  indicator  diagrams  furnish  useful  indications 
of  the  condition  of  the  piston,  cylinder,  and  valves;  insuffi- 
cient port  opening,  a steam  pipe  too  small  for  its  purpose,  a 
cramped  exhaust  passage,  or  an  obstructed  exhaust  pipe  also 
have  an  effect  on  the  appearance  of  the  diagram  that  will 
generally  make  it  comparatively  easy  to  locate  the  fault. 
For  a location  of  some  of  these  faults,  it  is  necessary  to  draw 
in  the  theoretical  expansion  line,  or  equilateral  hyperbola. 

51.  Constructing:  tlie  Tlieoretical  Expansion  Eine. 
The  general  method  of  using  the  equilateral  hyperbola  for 
testing  the  expansion  line  of  an  actual  indicator  diagram  is 
illustrated  in  Fig.  24,  where  the  diagram  E C K L and  the 


atmospheric  line  Af  A"  represent  the  lines  drawn  by  the  indi- 
cator. To  draw  the  theoretical  expansion  line  on  this  dia- 
gram, first  draw  the  vacuum  line  O A,  as  explained  in 
Art.  31.  Perpendicular  to  M N and  O X draw  the  two 
lines  A L and  B just  touching  the  two  ends  of  the  dia- 
gram. Measure  the  length  A B between  these  two  perpen- 
diculars, and  this  will  give  the  length  of  the  diagram.  Mul- 
tiply the  length  so  found  by  the  clearance  volume  of  the 
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end  of  the  cylinder  from  which  the  diagram  was  taken, 
expressed  in  per  cent.,  and  divide  by  100;  lay  off  from  A a 
distance  A O equal  to  the  quotient.  From  O draw  the  per~ 
pendicular  O F;  this  is  the  clearance  line.  Through  the 
highest  point  E of  the  steam  line  draw  the  ’ horizontal 
line  E E.  Locate,  as  nearly  as  may  be  done  by  inspection, 
the  point  of  cut-off  C,  and  through  this  point  draw  the  per- 
pendicular D H.  The  point  O where  the  vacuum  line  O X 
(the  line  of  no  pressure)  and  the  clearance  line  O V (the  line 
of  no  volume)  intersect  represents  the  point  of  no  pressure 
and  no  volume;  the  distance  A E or  H D represents  the 
original  absolute  pressure;  and  OH  represents  the  original 
volume  of  the  steam.  To  obtain  points  on  the  theoretical 
expansion  curve,  draw  lines  as  01,  02,  03,  OJ^,  05  at  random 
from  O to  the  line  EE.  From  the  points  of  intersection  of 
these  random  lines  with  the  line  D H,  as  the  points  1' , 2' , S' , 
E , and  5' , draw  lines  parallel  to  the  atmospheric  line  M N. 
Then,  from  the  points  of  intersection  1,  2,  3,  If,  and  5 of  the 
random  lines  drawn  from  O with  the  liiiQ  E F,  drop  perpen- 
diculars intersecting  the  lines  drawn  from  1' , 2',  3',  E y and  5' 
in  ij,  2^,  3^,  and  5,.  These  intersections  are  points  on  the 
theoretical  expansion  line;  consequently,  through  them,  by 
means  of  an  irregular  curve,  trace  the  line  D-1 -2^-3 -5-5^. 

52.  Relation  Between  tlie  Theoretical  and  the 
Aetna!  Expansion  Lines. — Numerous  tests  have  shown 
that  when  the  piston  and  valves  are  tight  so  as  to  prevent 
leakage  of  steam  to  or  from  the  cylinder  after  cut-off  takes 
place,  the  actual  expansion  line  will  agree  very  closely  with 
the  theoretical.  It  will  generally  be  found  that  the  actual 
line  fajls  somewhat  lower  than  the  theoretical,  especially 
towards  the  end  of  the  stroke,  and  then  raises  above  the 
theoretical  expansion  line,  as  is  shown  in  Fig.  24  by  the 
crossing  of  the  two  lines  near  This  is  thought  to  be  due 
to  the  phenomena  known  as  cylinder  condensation  and 
reevaporation,  which  may  be  explained  as  follows:  During 
the  period  of  exhaust,  the  cylinder  walls  are  cooled  by  contact 
with  the  relatively  cool  low-pressure  exhaust  steam.  When 
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the  hot  steam  from  the  boiler  is  admitted  to  the  cylinder,  a 
part  of  it  condenses  and  gives  up  its  latent  heat  to  the  cold 
walls  and  thus  heats  them  again  nearly  to  the  temperature 
corresponding  to  the  initial  pressure;  the  water  formed  by 
this  process  of  condensation  is  deposited  in  a thin  film  on 
the  walls  of  the  cylinder.  After  cut-off  takes  place  and 
expansion  begins,  the  pressure  of  the  steam  in  the  cylinder 
falls  until  its  corresponding  temperature  is  lower  than  the 
temperature  of  the  cylinder  walls;  the  walls  then  give  up 
some  of  their  heat  and  reevaporate  some  of  the  water. 
The  steam  thus  formed  towards  the  end  of  the  stroke 
prevents  the  pressure  from  falling  as  fast  as  it  otherwise 
would  and  has  the  effect  of  raising  the  actual  expansion  line 
somewhat  above  the  theoretical. 

53.  Eeaks  Indicated  by  Exi^ansion  Dine. — If  the 
actual  expansion  line  departs  considerably  from  the  theoret- 
ical, it  is  to  be  inferred  that  steam  either  enters  or  leaves 
the  cylinder  after  cut-off  takes  place.  Thus,  in  Fig.  25, 


Fig.  25. 

where  the  expansion  line  rises  very  markedly  above  the 
theoretical  curve,  it  is  evident  that  the  valve  leaks  and 
allows  steam  to  enter  after  cut-off.  vSimilarly,  if  the 
expansion  line  fell  below  the  theoretical  curve,  the  infer- 
ence would  be  that  steam  was  escaping  from  the  cylinder 
through  a leaky  exhaust  valve  or  past  an  imperfectly  fitting 
piston.  An  expansion  line  that  closely  follows  the  theoret- 
ical curve  is  not,  however,  conclusive  evidence  that  the 
valves  and  piston  are  tight ; steam  may  leak  into  and  out  of 
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the  cylinder  at  the  same  time  and  at  such  rates  that  the 
expansion  line  will  appear  to  be  quite  satisfactory. 

54.  Determining  the  Point  of  Cu.t-Off. — It  is  some- 
times very  difficult  to  determine  exactly  the  point  of  cut-off 
from  the  indicator  diagram,  especially  when  the  engine  has 
a high  rotative  speed.  The  most  general  method  of 
determining  it  is  to  prolong  the  expansive  line  upwards  by 
means  of  an  irregular  curve  and  note  where  it  leaves  the 
actual  line  of  the  diagram ; then  take  the  point  of  cut-off 
at  or  very  near  the  point  of  deviation  (see  Figs.  24  and  25). 

Instead  of  locating  the  point  Fig.  24,  at  which  to 
begin  the  theoretical  curve  by  the  method  just  explained,  a 
method  sometimes  recommended  is  to  prolong  the  expansion 
line  by  means  of  an  irregular  curve  until  it  intersects  the 
horizontal  through  the  point  representing  the  initial  pres- 
sure. The  point  of  intersection  is  then  taken  as  the  point 
through  which  to  draw  the  vertical  line  D //,  Fig.  24,  to 
represent  the  volume  at  point  of  cut-off. 

The  rounding  of  the  diagram  near  the  point  of  cut-off  is 
caused  by  the  slowness  of  the  valve  movement  at  cut-off. 
On  the  Corliss  and  other  releasing-gear  engines,  the  valve 
cuts  off  very  suddenly,  the  rounding  is  very  slight,  and  the 
point  of  cut-off  is  very  easily  located. 

55.  Leaks  Indicated  by  Compression  Line. — If  the 

compression  line  will 
generally  curve  quite 
regularly  in  one  direc- 
tion until  it  meets  the 
admission  line,  as  is 
shown  by  the  diagrams 
in  Figs.  15,  16,  and  17. 
It  often  happens  that, 
as  shown  at  5 in 
Fig.  26,  the  curvature 
of  the  compression  line 

changes  as  the  piston  nears  the  end  of  the  stroke;  this 
change  sometimes  becomes  so  pronounced  as  to  form  a 


piston  and  valves  are  tight,  the 


Fig.  26. 


§24 


THE  INDICATOR. 


35 


hook  shown  at  Fig.  27.  A compression  line  of  this  form 
indicates  that  steam  is  escaping  from  the  compression 


space;  the  loss  may  generally  be  ascribed  to  a leak  either 
through  the  exhaust  valve  or  around  the  piston. 

56,  EflPect  of  Throttling. — When  the  steam  pipe  and 
its  connections  are  of  ample  size  and  the  steam  ports  are 
well  opened,  a nearly  horizontal  steam  line  whose  height 
above  the  atmospheric  line  represents  a pressure  nearly 
equal  to  the  boiler  pressure  may  be  expected,  as  is  shown 
in  Figs.  13  to  16.  Any  restriction  in  the  passage  leading 
from  the  boiler  to  the  cylinder  has  the  effect  of  preventing 
the  flow  of  steam  fast  enough  to  keep  the  cylinder  filled  at 
boiler  pressure  up  to  the  point  of  cut-off.  This  effect  is 
shown  on  the  diagram  by  a steam  line  that  gradually  falls 
as  the  piston  advances.  Fig.  26  is  a diagram  from  an 
engine  with  a throttling  governor ; the  effect  of  the 
governor  in  checking  the  flow  of  steam  to  the  cylinder  is 
shown  by  the  drop  in  the  steam  line  between  the  point  1 
and  the  point  where  cut-off  takes  place.  A long  steam 
pipe  or  a pipe  that  is  too  small  for  its  purpose,  a partly  closed 
throttle  valve,  or  any  similar  obstruction  will  produce  a 
drop  in  the  steam  line  similar  to  the  one  shown  in  Fig.  26. 

A high  rotative  speed  generally  results  in  a drop  in  the 
steam  line,  as  is  shown  by  the  diagrams  in  Fig.  17.  With 
shaft-governor  engines,  especially,  the  valve  opening  is 
often  restricted  and  steam  cannot  follow  the  piston  fast 
enough  to  keep  the  pressure  up  to  that  at  the  beginning  of 
the  stroke. 
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57.  A liigli  back  pressure  is  caused  by  some  obstruc- 
tion that  prevents  the  free  escape  of  the  exhaust.  The 
exhaust  from  the  engine  from  which  the  diagram  shown 
in  Fig.  26  was  taken  was  discharged  into  a system  of  pipes 
for  heating  the  building,  and  considerable  pressure,  as  is  . 
shown  by  the  height  of  the  back-pressure  line  S-Jf  above 
the  atmospheric  line  in  is  required  to  force  the  steam 
through  the  coils  of  pipe.  Somewhat  similar  results  will  be 
produced  by  a choked  exhaust  port  or  an  exhaust  pipe  that 
is  very  long  or  too  small. 

58,  Wavy  lines  on  a diagram  are  generally  due  to 
vibrations  of  the  pencil  motion  when  there  is  a sudden 
change  in  pressure,  such  as  takes  place  when  steam  is 
admitted  to  the  cylinder  of  a high-speed  engine  or  during 
the  period  of  expansion.  The  indicator  piston  and  the  pencil 
motion  are  quickly  set  in  motion  and  their  inertia  carries 
them  beyond  the  point  they  would  reach  if  the  pressure  were 


Fig.  28. 


gradually  applied.  This  effect  is  well  illustrated  by  the 
wavy  lines  at  a and  Fig.  28,  which  were  produced  by 
vibrations  set  up  by  the  action  of  the  steam  at  admission. 
The  expansion  lines  of  the  same  diagrams  show  a similar, 
but  less  violent,  vibration.  These  effects  are  common  with 
diagrams  from  quick  rotative  speed  engines.  They  are  an 
indication  that  the  indicator  piston  is  in  good  condition  and 
•working  freely. 
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59.  Sticking:  of  tlie  indicator  i^iston  is  suggested  by 
an  expansion  line  that  drops  by  a series  of  steps  somewhat 
resembling  notches  (see  Fig.  29).  ' These  steps  or  notches 


can  generally  be  distinguished  from  the  \vavy  lines  produced 
by  the  inertia  of  the  parts  of  an  indicator  with  a free  work- 
ing piston  by  their  angular  appearance. 

60.  Striking  of  tlie  paper  drum  against  the  stops  is 

readily  detected  by  the  appearance  of  the  release  end  of  the 
diagram,  which,  instead  of  being  rounded,  as  shown  in 
Fig.  27,  will  have  angular  corners  with  a nearly  vertical  line 
connecting  them,  as  shown  in  Fig.  29,  where  the  full  Yin^ab 
shows  the  appearance  of  the  end  of  the  diagram  when  the 
drum  struck  the  stop;  the  dotted  line  shows  the  change 
effected  by  giving  the  drum  its  full  range  of  motion. 
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THERMODYI^AMICS  OF  THE  STEAM 

Ei^amE. 


mTRODUCTIO^^. 

1.  Tlierinoclyiiamics  is  that  branch  of  physical  science 
that  treats  of  the  relation  between  heat  and  mechanieal 
work. 

2.  A heat  engine  is  a device  by  means  of  which  energy, 
in  the  form  of  heat,  developed  by  the  combustion  of  fuel  or 
derived  from  any  other  source  is  transformed  into  mechan- 
ical motion  in  such  a manner  that  it  can  be  made  to  do 
useful  work. 

3.  The  Steam  Engine  a Heat  Engine. — The  steam 
engine  is  in  reality  a heat  engine,  steam  being  merely  a 
vehicle  by  means  of  which  the  heat  energy  developed  by  the 
combustion  of  the  fuel  in  the  furnace  is  transferred  to  the 
moving  parts  of  the  engine.  From  these  moving  parts 
the  energy  is  transmitted  by  such  vehicles  as  shafting, 
pulleys,  belts,  and  electric  currents  to  the  point  where  it 
can  be  made  do  the  required  work. 

The  general  principle  on  which  the  action  of  nearly  all 
heat  engines  is  based  is  the  production  of  an  expansive  gas 
or  vapor  in  a confined  space.  With  the  steam  engine,  water 
is  heated  in  a closed  boiler  and  changed  to  an  expansive 
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vapor — steam — whose  pressure  depends  on  the  temperature 
to  which  it  is  heated.  Other  easily  vaporized  liquids,  for 
example,  naphtha,  are  sometimes  used  instead  of  water,  and 
the  action  of  their  vapors  depends  on  exactly  the  same  prin- 
ciples as  govern  the  action  of  steam. 

4.  Work  Done  by  Expansive  Force  of  a Gas. — All 
gases  possess  the  property  of  expansibility,  by  virtue  of 
which  they  expand  and  fill  the  space  in  which  they  are  con- 
fined, no  matter  how  great  that  space  may  be.  This  ten- 
dency to  expand  causes  the  gas  to  exert  a pressure,  called 
the  tension  of  the  gas,  on  the  walls  of  the  confining  vessel. 
Keeping  this  principle  in  mind,  let  us  consider  a given  vol- 
ume of  gas  confined  in  a cylinder  fitted  with  a movable 
piston.  The  gas  in  the  cylinder  tends  to  expand  and  thus 
exerts  a pressure  on  the  piston.  If  the  force  that  resists 
motion  is  less  than  this  pressure,  the  piston  will  be  pushed 
outwards  against  the  opposing  force;  the  expansive  force 
of  the  gas  overcomes  a resisting  force,  and  in  so  doing  does 
work.  ' 


5.  Heat  the  Source  of  Work  Done  During  Expansion. 

Careful  experiments  have  shown  that  there  is  a fixed  rela- 
tion between  work  and  heat  and  that  heat  can  be  changed 
into  work  and  work  into  heat.  A study  of  the  effect  on  the 
gas  of  its  expansion  in  the  cylinder  under  such  conditions 
that  it  does  work  will  show  that  the  work  has  really  been 
done  by  heat. 

To  show  that  heat  is  the  force  that  moves  the  piston,  let 
the  cylinder  be  so  made  that  no  heat  can  get  to  the  gas  as 
it  expands;  under  these  conditions  a thermometer  in  the 
gas  would  show  that  it  gets  colder  as  it  expands  and  pushes 
the  piston  along.  The  work  has  been  done  at  the  expense 
of  a part  of  the  heat  of  the  gas  and  its  temperature  falls. 
In  accordance  with  the  theory  of  heat,  the  fall  in  tempera- 
ture means  that  the  molecules  of  the  gas  move  slower;  part 
of  the  kinetic  energy  represented  by  their  rate  of  motion  at 
the  beginning  of  expansion  has  been  expended  in  doing  the 
work  of  pushing  the  piston  against  the  resisting  force. 
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6.  If  the  cylinder  is  so  arranged  that  enough  heat  can 

be  added  to  the  gas  during  expansion  to  keep  its  tempera- 
ture and  a careful  measurement  of  the  heat  added 

and  the  work  done  is  made,  it  is  found  that  the  quantity  of 
heat  added  is  exactly  equal  to  the  heat  represented  by  the 
work.  For  example,  if  the  piston  is  pushed  4 feet  by  the 
expanding  gas  against  an  average  resistance  of  5,000  pounds, 
the  work  done  is  4 X 5,000  = 20,000  foot-pounds.  Since 
778  foot-pounds  of  work  is  equivalent  to  1 B.  T.  U.  of  heat, 
it  follows  that  20,000  778,  or  25.707  B.  T.  U.  of  heat  must 

be  added  to  the  gas  to  make  up  for  the  heat  expended  in 
pushing  the  piston  and  to  keep  the  temperature  constant. 

7.  Adiabatic  Expansion.— When  a gas  expands  and 
does  work  at  the  expense  of  its  own  heat — no  heat  being 
added  to  it  from  an  outside  source — the  expa^ision  is  said  to 
be  adiabatic. 

8.  Isothermal  Expansion. — When  heat  is  added  to  a 
gas  so  as  to  keep  the  temperature  constant  during  expan- 
sion, the  expansion  is  said  to  be  isotliermal. 

9.  Coinjiression  of  a Gas. — If  we  have  a quantity  of  gas 
in  a cylinder  and  push  the  piston  inwards,  so  as  to  compress 
the  gas  and  make  it  occupy  a smaller  space,  we  must  do 
work  in  overcoming  the  expansive  force  of  the  gas;  this 
work  represents  a certain  amount  of  energy  that  is  trans- 
ferred to  the  gas.  If  the  compression  takes  place  under 
such  conditions  that  no  heat  can  leave  the  gas  during  the 
change  in  its  volume,  the  energy  represented  by  the  work 
done  on  it  will  appear  as  heat  and  the  temperature  of  the 
gas  will  be  raised ; under  these  conditions  we  have  adiabatic 
coinx^ression. 

If  the  compression  takes  place  under  such  conditions  that 
the  heat  represented  by  the  work  done  is  removed  from  the 
gas  so  as  to  keep -its  temperature  constant,  the  compression 
is  isotliermal. 

10.  Relation  Betw  een  Exiiansion  and  Compression. 
The  quantity  of  work  that  must  be  done  in  compressing 
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a gas  adiabatically  or  isothermally  from  a given  volume  to 
a smaller  one  is  exactly  equal  to  the  work  that  the  gas  can 
do  Avhen  expanding,  in  the  same  way  in  which  it  was  com- 
pressed, from  the  smaller  volume  to  the  original.  Also,  the 
rise  in  temperature  during  adiabatic  compression  and  the 
quantity  of  heat  that  must  be  abstracted  when  the  compres- 
sion is  isothermal  are,  respectively,  equal  to  the  correspond- 
ing fall  of  temperature  and  the  quantity  of  heat  that  must 
be  added  during  adiabatic  and  isothermal  expansion. 

11.  Relation  Between  Work  and  Heat  During:  Expan- 
sion or  Comi>ression. — In  practice,  it  is  seldom  that  the 
expansion  is  purely  adiabatic  or  isothermal.  No  cylinder  can 
be  so  made  asTo  absolutely  prevent  the  transfer  of  some  heat 
to  or  from  the  gas,  and  it  is  difficult  to  impart  or  abstract 
heat  so  as  to  keep  the  temperature  uniform.  In  any  case, 
however,  it  is  always  found  that  there  is  a definite  relation 
between  the  work  done  and  the  sum  of  the  quantities  of 
heat  represented  by  the  change  in  temperature  of  the  gas 
and  the  heat  imparted  to  or  abstracted  from  it.  This  rela- 
tion shows  conclusively  that  the  work  done  by  an  expanding 
gas  is  always  a change  of  heat  to  work. 

12.  Expansion  Diagrams. — The  relation  between  the 
pressure  and  the  volume  of  a gas  during  expansion  may  be 
represented  by  means  of  a graphical  diagram.  To  illustrate, 
consider  a cylinder  A,  Fig.  1,  in  which  a piston  A fits.  The 
cylinder  is  attached  to  a reservoir  A by  a pipe  T that  per- 
mits air  from  R to  enter  the  space  5 when  the  valve  V is 
opened.  A gauge  G graduated  so  as  to  indicate  absolute 
pressures,  that  is,  so  that  the  pointer  stands  at  zero  when 
there  is  a perfect  vacuum  in  the  space  5,  shows  the  pressure 
in  the  cylinder;  a cock  G,  when  opened,  permits  any  air  in  the 
cylinder  to  escape  when  the  piston  is  pushed  back.  Now, 
with  the  valve  C open,  push  the  piston  clear  back  to  the  end 
of  the  cylinder,  thus  forcing  out  all  the  air;  then  close  C 
and  open  F,  so  as  to  admit  air  from  A,  in  which  there  is  a 
constant  pressure.  Permit  the  piston  to  move  slowly  to  the 
left  with  V open,  and  the  gauge  shows  a constant  pressure 
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of  the  air  in  the  space  N.  When  the  piston  has  moved  a 
certain  distance  to  the  left,  close  V,  so  as  to  stop  the  admission 


of  air  from  the  reservoir.  Now,  as  the  piston  is  permitted  to 
move  farther  to  the  left,  the  gauge  shows  that  the  pressure 
falls.  If  the  temperature  in  the  cylinder  is  kept  constant, 
it  is  found  that  when  the  piston  is  twice  its  original  distance 
from  the  end  and  the  air  has  expanded  to  twice  its  original 
volume,  the  pressure,  in  accordance  with  Mariotte’s  law,  is 
only  one-half  the  original  pressure.  When  the  volume  is 
three  times  as  great  as  the  original  volume,  the  pressure 
is  found  to  be  one-third  the  original  pressure.  When  the 
volume  has  increased  four  times,  the  pressure  is  one-fourth 
as  great,  etc. 

13.  To  represent  this  action  graphically,  draw  a line  O A/ 
to  represent  the  piston  motion  and  divide  this  line  into  a 
number  of  equal  parts,  0-1,  1-2,  2-3,  etc.,  each  of  which,  to 
some  convenient  scale,  represents  a motion  of  the  piston 
through  a distance  equal  to  that  through  which  it  moved 
while  V was  open.  Since  the  volume  of  air  in  the  cylinder 
is  proportional  to  the  distance  of  the  piston  from  the  end  of 
the  cylinder,  each  of  the  sections  0-1,  0-2,  etc.  represents 
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a volume  equal  to  the  original  volume  of  air  admitted  to  the 
cylinder  from  the  reservoir,  and  the  distances  0-1,  0-2,  0-3, 
etc.  represent  the  volume  of  the  air  in  the  cylinder  for 
piston  positions  corresponding  to  the  points  1,  2,  3,  etc. 

From  O draw  a vertical  line  O a,  and,  to  some  convenient 
scale,  make  its  length  represent  the  pressure  at  the  begin- 
ning of  the  piston  stroke.  Draw  other  vertical  lines  from 
the  points  1,  2,  3,  etc.,  and,  to  the  same  scale  as  that  to 
which  O a was  drawn,  make  their  lengths  represent  the 
pressures  corresponding  to  the  piston  positions  represented 
by  the  points  1,  2,  3,  etc.  and  to  the  volumes  represented  by 
the  distances  0-1,  0-2,  0-3,  etc.  Since  the  pressure,  when 
the  piston  is  at  1,  is  the  same  as  the  pressure  at  the  begin- 
ning of  the  stroke,  the  length  of  the  perpendicular  1-b  is  the 
same  as  the  length  of  O a.  At  2 the  volume  is  0-2,  twice 
the  original  volume,  and  if  the  expansion  is  isothermal,  the 
pressure  is  one-half  the  pressure  at  1 ; consequently,  the 
length  of  the  line  2-c  is  one-half  the  length  ot  O a or  1-6. 

Any  desired  number  of  points  c,  d,  e,  f,  etc.  can  be  located 
and  a curve  drawn  through  them.  The  distance  of  any 
point  X,  on  the  line  O M,  from  the  point  O represents,  to 
the  scale  of  volumes,  the  volume  of  air  in  the  cylinder  when 
the  piston  is  in  the  position  corresponding  to  this  point ; 
likewise,  the  vertical  distance  x z from  the  point  x to  the 
curve  represents,  to  the  scale  to  which  the  pressures  were  laid 
off,  the  pressure  for  the  corresponding  piston  position  and 
volume. 

14.  Tlie  Isotliermal  Expansion  Eine,  or  Equilateral 
Hyperbola. — The  curve  that  represents  the  relation  between 
the  pressure  and  volume  when  the  temperature  is  constant 
is  called  the  isotliermal  exiiansion  line.  This  curve  fol- 
lows the  law  of  the  curve  known  in  mathematics  as  the 
equilateral  liyiierbola ; it  is,  therefore,  often  called  by 
that  name. 

15.  Tlie  Adiabatic  Expansion  Eine. — If  no  heat  is 
added  to  the  air  as  it  expands,  that  is,  if  the  expansion  is 
adiabatic,  the  gauge  G,  Fig.  1,  shows  a more  rapid  drop  in 
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pressure  as  the  piston  advances ; each  vertical  line  represent- 
ing the  pressure  in  the  cylinder  after  expansion  begins  is 
shorter  than  the  corresponding  line  of  the  isothermal  curve ; 
the  curve  drawn  through  their  upper  ends  will,  therefore, 
fall  below  the  isothermal  curve.  The  curve  representing 
adiabatic  expansion  is  called  the  adiabatic  exi)aiisioii  line. 

IG.  Comi>arison  of  tlie  Isotlierinal  and  Adiabatic 
Exi>ansion  and  Comiiression  Lines. — In  Fig.  2.  the 


curved  B C D E represents  the  isothermal,  and  A B’  C D'  FJ 
the  adiabatic,  expansion  line  of  a quantity  of  air  whose  origi- 
nal volume  and  pressure  are,  respectively,  represented  by 
the  distances  (9  Zand  OH  ox  LA.  If  the  air  were  com- 
pressed isothermally  from  the  volume  OF  and  the  pres- 
sure F F,  the  pressure  would  rise  as  the  volume  decreased,  and 
the  curve  E DC  BA  would  show  the  relation  between  the 
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volume  and  the  pressure.  If,  with  the  same  original  volume 
and  pressure,  the  air  were  compressed  adiabatically,  the 
curve  representing  the  relation  between  the  volume  and  the 
pressure  would  rise  above  the  isothermal  compression  curve, 
as  is  shown  by  the  dotted  line  E W.  If  a quantity  of  air,  whose 
volume  is  represented  by  (9  and  whose  pressure  by  F E\ 
is  compressed  adiabatically,  the  curve  representing  the  rela- 
tion between  the  volumes  and  the  pressures  during  the  proc- 
ess of  compression  will  be  E'  U C B'  A,  which  is  the  same 
curve  that  represented  the  relation  for  adiabatic  expansion 
from  the  volume  O L and  the  pressure  LA. 

17.  Expansion  of  Steam. — When  steam  expands  and 
does  work,  there  is  the  same  relation  between  heat  given  up 
and  work  done  as  has  been  explained  for  gas.  Owing,  hoAv- 
ever,  to  the  properties  of  saturated  steam,  by  virtue  of  which 
the  pressure  depends  solely  on  the  temperature  and  is  inde- 
pendent of  the  volume,  the  relation  between  volume  and 
pressure  is  not  as  simple  as  is  the  case  with  a perfect  gas. 
For  example,  if  a given  Aveight  of  dry  saturated  steam 
expands  adiabatically,  a part  of  it  Avill  be  condensed;  Avhile 
if  the  expansion  is  isothermal,  the  steam  Avill  be  superheated 
during  its  expansion.  If  there  is  a mixture  of  steam  and 
Avater,  that  is,  if  there  is  water  in  the  vessel  in  Avhich  the 
steam  expands,  the  relation  between  volume  and  pressure 
during  expansion  depends  on  the  proportion  of  Avater  in  the 
mixture.  As  long  as  there  is  Avater  present,  the  steam  Avill  be 
saturated  and  the  pressure  during  isothermal  expansion  Avill 
be  constant.  This  Avill  be  evident  if  Ave  consider  the  fact  ' 
that  the  pressure  of  saturated  steam  (steam  in  contact  Avith 
Avater)  depends  solely  on  the  temperature ; if  the  temperature 
is  constant,  the  pressure  must  also  be  constant,  no  matter 
Avhat  the  volume  may  be.  During  isothermal  expansion, 
the  heat  that  is  added  merely  changes  some  of  the  Avater  to 
vapor,  Avhich  fills  the  increased  space,  and  there  is  no  change 
in  the  pressure  of  the  original  steam. 

If  Avater  is  present  during  the  adiabatic  expansion  of  steam, 
it  Avill  give  up  some  of  its  heat  to  assist  the  steam  in  doing 
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its  work;  inconsequence  of  the  heat  derived  from  the  water, 
the  temperature  and  pressure  of  the  steam  will  fall  slower 
during  expansion  as  the  quantity  of  water  from  which  heat 
can  be  derived  is  greater. 

18.  Expansion  Curve  of  Steam. — A consideration  of 
the  above  outline  of  the  effect  of  water  on  the  expansive 
action  of  steam  will  make  it  clear  that  an  innumerable  vari- 
ety of  curves,  depending  on  the  quantity  of  water  present 
and  the  conditions  under  which  expansion  takes  place,  will 
correctly  represent  the  relation  between  the  pressures  and 
volumes  for  the  expansion  of  saturated  steam.  It  has, 
however,  been  found  that  under  the  conditions  generally 
existing  in  the  cylinder  of  a steam  engine,  the  curve  that 
most  nearly  represents  the  relation  between  pressures  and 
volumes  is  the  equilateral  hyperbola,  which  is  the  curve 
that  shows  the  relation  between  the  pressures  and  the  vol- 
umes of  a perfect  gas  when  it  expands  according  to  Mari- 
otte’s  law. 


CALCUEATING  THE  WORK  HONE  ON  A MOVING 

PISTON. 

19.  Net  or  Effective  Pressure. — A piston  that  is 
being  pushed  through  a cylinder  by  the  expansive  force  of  a 
gas  or  vapor  acting 
on  one  side  must 
generally  overcome 
the  resisting  force 
of  a gas  or  vapor  on 
its  opposite  side. 

Thus,  in  Fig.  3,  let 
the  space  in  the  cyl- 
inder at  the  left  of 
the  piston  be  in  com- 
munication with  the  steam  space  of  a boiler  in  which  there  is 
an  absolute  pressure  of  100  pounds  per  square  inch,  while  the 
space  at  the  right  is  open  to  the  atmosphere  and,  in  conse- 
quence, is  filled  with  vapor  at  a pressure  of  about  14.7  pounds 
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per  square  inch.  It  is  evident  that,  neglecting  the  friction 
of  the  piston  in  the  cylinder,  the  force  that  can  be  trans- 
mitted through  the  piston  rod,  and  so  made  do  work  in  over- 
coming some  outside  resistance,  is  the  difference  between 
the  total  pressure  of  the  steam  on  the  left  and  the  total  pres- 
sure of  the  air  on  the  right  of  the  piston.  This  difference  is 
called  the  net  or  effective  pressure  on  the  piston.  Since 
the  pressure  of  the  atmosphere  is  14.7  pounds  per  square 
inch,  and  if  the  area  of  the  piston  is  100  square  inches  and 
the  absolute  pressure  of  the  steam  100  pounds  per  square 
inch,  the  net  pressure  on  the  piston  in  Fig.  3 is  (100  — 14'.  7) 
X 100  = 8,530  pounds. 

20.  Ilule  for  Calculating’  Work  Wlien  Net  Pressure 
and  Piston  Displacement  Are  Known. — The  work  done 
as  the  piston  moves  from  one  end  of  the  cylinder  to  the 
other  may  be  found  as  follows: 

Let  P—  the  net  pressure  per  square  foot  exerted  on  the 
piston ; 

A — area  of  piston  in  square  feet; 

L ■=  distance  in  feet  moved  over  by  the  piston. 

Then,  the  total  net  pressure  on  the  piston  is  P X A pounds, 
and  the  distance  through  which  this  pressure  acts  is  L feet. 
The  work  done  is  the  force  multiplied  by  the  distance,  or 
PA  X L = PA  L foot-pounds.  But  A L equals  the  area  of 
the  piston  multiplied  by  the  length  of  the  stroke,  which 
equals  the  volume  displaced  by  the  piston  during  its  move- 
ment from  one  end  of  the  cylinder  to  the  other.  Let  V 
represent  this  volume  expressed  in  cubic  feet.  Then,  let- 
ting W represent  the  work  in  foot-pounds,  we  have 
PAL  = PV. 

It  is  usually  more  convenient  to  express  pressures  in  foot- 
pounds per  square  inch  instead  of  pounds  per  square  foot. 
Let  p represent  the  net  pressure  on  the  piston  in  pounds 
per  square  inch. 

Then,  P=  144  /, 

W=PV=lUpV. 


and 
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Iliile  1. — To  find  the  tvork  done  by  a piston  moving  in  a 
cylinder^  multiply  IJfJf  by  the  net  pi'essnre  on  the  piston  in 
pounds  per  square  ineh  and  by  the  volume  displaced  by  the 
piston  expressed  in  cubic  feet.  The  result  zoill  be  the  zuork  in 
foot-pounds. 


The  same  result  will  be  obtained  by  multiplying  the  pres- 
sure in  pounds  per  square  inch  by  the  volume  displaced  by 
the  piston  in  cubic  inches  and  dividing  the  result  by  12. 

The  volume  displaced  by  a piston  during  a single  stroke 
or  a given  period  of  time  is  often  called  the  piston  displace- 
ment for  the  stroke  or  the  given  period. 

Example. — The  piston  of  an  engine  is  acted  upon  by  a net  pressure 
of  32^  pounds  per  square  inch.  The  volume  swept  through  by  the 
piston  at  each  stroke  is  cubic  feet,  {a)  How  much  work  is  done  at 
each  stroke  ? ip)  If  the  engine  makes  80  strokes  per  minute,  what 
horsepower  does  it  develop  ? 

Solution. — {a)  According  to  rule  1,  the  work 

W = 144  X 32^  X = 25,740  ft.-lb.  Ans. 


(b)  The  number  of  foot-pounds  per  minute  is  25,740  X 80,  and  the 
horsepower  developed  is,  therefore. 


25,740  X 80 
33,000 


= 62.4  H.  P. 


Ans. 


21.  Work  Diagrams. — The  work  done  by  a moving 
piston  may  be  represented  by  a diagram  similar  to  the  dia- 
grams used  to  represent  the  relation  between  the  volumes 
and  pressures  of  an  expanding  gas  or  vapor.  For  example, 
in  Fig.  4,  two  lines  OX  and  O Y are  drawn  at  right  angles, 
the  line  OX  being  horizontal  and  the  line  O Y vertical. 
Suppose  that  the  area  of  the  piston  is  2 square  feet  and  that 
the  distance  moved  by  it  is  6 feet.  Then,  when  the  piston 
moves  1 foot,  it  displaces  a volume  of  2 cubic  feet.  On  the 
line  OX  lay  off  a distance  0-1,  and  let  this  distance  repre- 
sent a piston  travel  of  2 feet.  Then,  the  distance  0-2, 
which  is  twice  0-1,  represents  a piston  travel  of  2 X 2 feet 
= 4 feet,  and,  similarly,  the  distance  0-3,  which  is  three 
times  the  distance  0-1,  represents  a travel  of  3 X 2 feet 
= 6 feet. 
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Since  the  piston  area  does  not  change,  the  volume  swept 
through  is  proportional  to  the  piston  travel;  therefore, 
0-J  may  be  taken  to  represent  the  displacement  when  the 


piston  has  traveled  2 feet.  That  is,  (9-i  represents  a vol- 
ume of  2x2  = 4 cubic  feet,  O-^  represents  8 cubic  feet, 
and  0-S,  12  cubic  feet.  The  piston  is  supposed  to  be  mov- 
ing from  left  to  right,  that  is,  in  the  direction  O JT. 

When  the  piston  is  at  the  beginning  of  its  travel,  that  is, 
at  the  position  represented  by  O V,  lay  off  on  the  line  O V a. 
distance  OA,  which,  to  the  scale  selected,  represents  the 
pressure  on  the  left  side  of  the  piston.  Suppose  the  pressure 
is  CO  pounds  per  square  inch.  Then,  if  O A is  2 inches,  the 
scale  is  V-  = 30  pounds ; that  is,  a vertical  height  of  1 inch 
represents  30  pounds  per  square  inch  pressure.  Suppose 
the  pressure  to  be  the  same  throughout  the  stroke.  Then, 
when  the  piston  is  at  the  point  represented  by  i,  the  pres- 
sure is  represented  by  the  distance  1-1' , which  is  equal  to 
O A.  Likewise,  when  the  piston  is  in  positions  2 and  3,  the 
distances  2-2'  and  3-3' , respectively,  represent  the  pressures 
at  those  points.  In  brief,  the  pressure  upon  the  left  side  of 
the  piston  at  any  position  may  be  found  by  measuring  the 
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vertical  distance  between  the  lines  OX  and  A B 3.t  that  point 
and  multiplying  by  the  scale,  30  pounds  per  inch  of  height. 
In  a similar  manner,  lay  off  on  the  line  (9  F a distance  OB, 
which,  to  the  scale  already  used,  represents  the  pressure  of 
the  atmosphere  on  the  right  of  the  piston,  and  is,  therefore, 
14  7 

equal  to  = .49  inch.  Since  this  pressure  on  the  right 

of  the  cylinder  is  constant  throughout  the  stroke,  the  dis- 
tance from  any  point  on  the  line  OX  to  the  line  B C parallel 
to  OX  represents  the  opposing  pressure  on  the  piston  when 
it  is  at  the  corresponding  point  of  its  stroke. 

The  net  pressure  on  the  piston  is  represented  by  the 
distance  B A O A — OB).  We  have  shown  that,  to  the 
scale  selected,  0-S  — B C represents  the  piston  displace- 
ment. According  to  rule  1,  the  work  done  by  the  piston  is 
proportional  to  the  net  pressure  multiplied  by  the  volume. 
Now,  on  the  diagram  of  Fig.  A,  B A represents  the  net  pres- 
sure and  B C the.  volume.  But  BA  x B C = area  AS'  C B. 
Hence,  the  area  A S'  C B must,  to  some  scale,  represent  the 
work  done  by  the  piston. 

A O is  2 inches  and  O B .4:9  inch;  hence  the  distance  BA 
= O A — O B is  2 — .4:9  = 1.51  inches;  BC  equals  2 inches. 
Therefore,  the  area  of  the  diagram  is  1.51  X 2 = 3.02  square 
inches.  The  scale  of  pressure  adopted  was  1 inch  equals 
30  pounds  per  square  inch.  Hence,  / = 30  X BA.  Since 
B C inches)  represents  12  cubic  feet  of  volume,  the  scale 
of  volumes  must  be  y = 6 cubic  feet  per  inch  of  length. 
Hence,  V — 9 X B C.  Then,  from  rule  1,  the  work  is 

144/  144  X (30  X BA)  x {<o  X B C) 

= 144  X 30  X G X (A>  A X B C) 

— 144  X 30  X G X 3.02  = 78,278.4  foot-pounds. 

33.  The  diagram  may  be  used  in  another  way.  The  dis- 
tances 0-1,  0-2,  and  0-S  may  represent  the  distances 
moved  through  by  the  piston  instead  of  the  volumes  dis- 
placed by  it.  Then,  B C represents  the  stroke  of  the  piston, 
in  this  case  G feet,  and  since  B C = % inches,  the  horizontal 
scale  is  I = 3 feet  of  piston  travel  = 1 inch  of  length. 
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The  work  is 

W=i^^pAL. 

As  before, 

/ = 30  X DA, 

L = ‘dx  DC, 

and  A = 2 square  feet. 

Hence,  IV  = 144  X (30  X A)  X 2 X (3  X C), 

= 14:4:  X ‘dO  X 2 X S X (A  D X D C) 

= 78,278.4  foot-pounds. 

The  latter  method  is  the  one  usually  employed  in  calcu- 
lating the  horsepower  of  an  engine  by  means  of  the  indica- 
tor diagram. 

24.  Diagrams  for  Varying  Pressures. — The  diagram 
of  Fig.  4 is  very  simple,  because  the  pressure  on  both  sides 
of  the  piston  is  constant  throughout  the  stroke,  thus  making 
the  diagram  a rectangle.  Suppose  the  pressure  decreases 
uniformly  throughout  the  stroke,  as  shown  in  Fig.  5.  Here 
the  net  pressure  at  the  beginning  of  the  stroke  is  repre- 
sented by  the  distance  DA, 
and  at  the  end  of  the  stroke 
by  the  distance  C B.  To 
calculate  the  work,  it  is 
necessary  to  find  the  aver- 
age net  pressure  through- 
out the  stroke.  In  this  case 
the  diagram  is  a trapezoid ; 
the  average  pressure  is, 
therefore,  represented  by 
the  line  H G = ^ {D  A -}-  CB).  This  distance  H G is  called 
the  mean  ordinate  of  the  diagram  A B C D.  It  has  such 
a length  that,  being  multiplied  by  the  distance  D C,  it  will 
give  the  area  of  a rectangle  E F C D that  Avill  be  equal  to 
the  original  area  A B C D.  The  work  is  found  by  multiply- 
ing this  mean  ordinate  by  the  length  D C,  then  by  the  scales 
of  pressures  and  volumes,  and  by  144. 
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25,  In  Fig.  6 diagrams  taken  from  both  sides  of  the 
piston  of  an  actual  steam  engine  are  shown  on  the  same 


Fig.  6. 

card.  The  line  A B represents  the  varying  steam  pressure 
during  the  forward  stroke  and  the  line  B C D oi  the  crank- 
end  diagram  represents  the  back  pressure  opposing  the 
motion  of  the  piston  during  the  forward  stroke.  Hence, 
the  net  pressure  at  any  piston  position  is  given  by  the  ver- 
tical distance  between  the  line  A B of  one  diagram  and  the 
line  D C B oi  the  other  diagram  at  the  point  representing 
the  piston  position.  Likewise,  the  net  pressure  for  any 
point  of  the  return  stroke  is  given  by  the  vertical  distance 
between  the  line  E D oi  the  crank-end  diagram  and  the  back- 
pressure line  B F D oi  the  head-end  diagram.  The  net  work 
done  by  the  piston,  as  in  the  preceding  cases,  is  given  per 
stroke  by  the  area  A B C D for  the  forward  stroke  and  the 
area  E D F B for  the  return  stroke.  It  will  be  noticed  that 
the  area  BCDF  has  been  taken  from  one  diagram  and 
added  to  the  other  diagram. 

Now,  to  find  the  average  work  per  stroke  of  a double- 
acting engine,  the  sum  of  the  areas  representing  the  work 
done  during  the  forward  and  return  stroke  is  divided  by  2. 
Evidently,  the  sum  of  the  areas  will  be  the  same  whether 
we  add  the  areas  A B C D and  E D E B or  add  the  areas  of 
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each  diagram,  A B F D and  E D C B.  Hence,  the  average 

work  will  be  correctly  given  by  considering  the  area  of  each 
diagram  as  representing  the  work  done  on  the  side  of  the 
piston  the  diagram  was  taken  from  and  dividing  the  sum  of 
the  areas  by  2.  While  the  assumption  that  the  area  of  each 
diagram  represents  the  net  work  done  on  its  side  of  the 
piston  of  a double-acting  engine  is  not  entirely  correct,  it  is, 
nevertheless,  a very  convenient  assumption  to  make,  and 
will  not  cause  any  error  in  finding  the  average  pressure  per 
stroke  when  both  diagrams  are  considered.  The  conve- 
nience of  making  the  assumption  just  explained  is  best 
exemplified  in  case  of  diagrams  taken  on  separate  cards;  in 
that  case  it  would  be  necessary  to  very  carefully  transfer 
the  back-pressure  lines  from  one  card  to  the  other  in  order 
to  get  the  correct  area  representing  the  work  done  on  each 
side  of  the  piston.  This  is  a tedious  operation  calling  for 
considerable  skill  in  the  use  of  drawing  instruments;  the 
necessity  for  this  operation  is  obviated  by  making  the 
assumption  stated. 

In  a single-acting  engine,  which  takes  steam  on  one  side 
of  the  piston  only,  the  other  side  of  the  piston  being  open  to 


the  atmosphere,  the  area  of  the  diagram  represents  correctly 
the  work  done  during  the  revolution.  This  can  readily 
be  seen  by  a consideration  of  Fig.  7,  where  O E the 
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atmospheric  line.  The  work  done  by  the  piston  during  the 
forward  stroke  is  given  by  the  area  O A B E,  and  the  work 
that  must  be  done  on  the  return  stroke  to  make  the  piston 
return  to  the  beginning  of  the  working  stroke  is  given  by 
the  area  O C B E.  Hence,  the  net  work  is  equal  to  the 
difference  of  the  areas  O A B E and  O C B E^  which  is  the 
area  ABC  (the  area  of  the  diagram). 

26.  To  find  the  area  of  an  indicator  diagram,  we  must 

find  its  mean  ordinate.  This  may  be  done  approximately  in 
the  following  manner:  Divide  the  length  O E of  the  diagram 
(see  Fig.  7)  into  a number  of  equal  parts  (10  or  20  parts  are 
most  convenient)  and  through  each  division  draw  a vertical 
line.  Half  way  between  these  vertical  lines  draw  the 
lines  1-1',  3-S\  etc.,  extending  between  the  lines  A B 

and  B C.  These  vertical  distances  between  the  two  curves 
are  called  ordinates.  As  shown  in  the  figure,  there  are  ten 
of  these  ordinates  equally  distant  from  each  other.  If  their 
lengths  are  all  added  together  and  the  sum  divided  by  the 
number  of  ordinates,  the  result  is  the  average  distance 
between  the  lines,  or  the  mean  ordinate. 

This  ordinate  multiplied  by  the  distance  O E gives  the 
area  of  the  diagram.  Usually  both  the  ordinate  and  O E 
will  be  measured  in  inches;  the  area  will  then  be  expressed 
in  square  inches.  The  area  being  found,  the  work  is  calcu- 
lated by  rule  1.  That  is,  multiply  the  area  by  the  ver- 
tical scale  of  pressures,  by  the  horizontal  scale  of  volumes, 
and  by  144.  The  result  is  the  work  in  foot-pounds. 

Example. — The  area  of  a diagram  like  that  shown  in  Fig.  7 is  found 
to  be  7.34  square  inches.  The  vertical  scale  of  pressure  is  36  pounds 
equals  1 inch,  and  the  horizontal  scale  of  volumes  is  2^  cubic  feet 
equals  1 inch.  What  is  the  work  per  stroke  of  piston  ? 

Solution. — Multiply  the  area  by  the  horizontal  and  vertical  scales, 
and  by  144,  or  work  = 7.34  X 36  X X 144  = 95,126.4  ft. -lb.  Ans. 

27.  Work  Diagram  for  Expanding  kSteam. — In  con- 
nection with  the  diagram  of  Fig.  4,  the  piston  area  was 
taken  as  2 square  feet  and  the  length  of  stroke  as  6 feet. 
Fig.  8 shows  the  pressure  diagram  on  the  supposition  that 
steam  from  the  boiler  is  shut  off  when  the  piston  has 
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reached  one-third  its  stroke.  Up  to  that  point  steam  has 
entered  from  the  boiler  at  a constant  pressure,  shown  by  the 
line  A B.  The  volume  of  steam  in  the  cylinder  at  this 
point  is  4 cubic  feet.  As  the  piston  moves  forwards,  the 
pressure  begins  to  fall.  When  two-thirds  the  stroke  is  com- 
pleted, the  steam  that  previously  occupied  4 cubic  feet  now 
occupies  8 cubic  feet;  that  is,  its  volume  is  doubled,  and 
assuming  the  expansion  to  follow  Mariotte’s  law,  its  pressure 
should  be  one-half  what  it  was  originally,  or  ^ b B.  When 
the  piston  reaches  the  end  of  the  stroke,  the  steam  occupies 
12  cubic  feet,  or  three  times  its  original  volume.  Therefore, 


Y 


its  pressure  is  one-third  the  original  pressure;  that  is, 
c E — \b  B.  The  line  B E shows  the  fall  of  pressure  during 
the  last  two-thirds  of  the  stroke.  AVhen  steam  is  shut  off 
from  the  boiler  in  this  manner  and  does  work  at  the  expense 
of  its  own  heat,  it  is  said  to  be  used  expansively. 

38.  Gain  in  Work  by  TTsing:  Steam  Expansively. — 
It  was  found  that  the  area  of  the  diagram  of  Fig.  4,  which 
represents  the  work  done  when  the  steam  followed  the  piston 
full  stroke,  was  3.02  square  inches,  and  the  work  done  per 
stroke  of  piston  was  78,278.4  foot-pounds.  The  area  of  the 
diagram  A B E C J),  Fig.  8,  Avhich  represents  the  work  done 
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when  the  steam  supply  to  the  cylinder  was  cut  off  when 
one-third  of  the  piston  stroke  was  completed,  is  nearly 
1.82  square  inches.  The  work  done  per  stroke  is,  therefore, 
1.82  X 30  X 6 X 111  =17,171.1  foot-pounds. 

In  the  first  case,  a cylinder  full  of  steam,  12  cubic  feet, 
was  taken  from  the  boiler,  and  the  work  obtained  from  each 

78,278.1  _ foot-pounds. 


cubic  foot  was,  therefore. 


12 


In  the  second  case  only  1 cubic  feet  of  steam  was  taken  from 
the  boiler.  Consequently,  the  work  done  by  each  cubic  foot 
17  171.1 

of  steam  used  was — = 11,793.6  foot-pounds,  or  nearly 


twice  as  much  as  was  done  by  a cubic  foot  when  the  steam 
followed  the  piston  for  the  full  stroke. 


EXAMPLES  FOR  PRACTICE. 

1.  The  mean  ordinate  of  a diagram  similar  to  that  shown  in  Fig.  7 

is  1.2  inches  long.  The  vertical  scale  of  pressure  is  1 inch  = 40  pounds 
per  square  inch,  and  the  horizontal  scale  of  distances  is  1 inch 
= 10  inches.  The  length  of  the  diagram  is  3 inches,  and  1 foot 
of  actual  length  of  the  vessel  that  contains  the  steam  represents  a 
volume  of  452  cubic  inches.  What  is  the  work  done  in  one  stroke  of 
the  piston  ? Ans.  4,520  ft. -lb. 

2.  The  mean  ordinate  of  a diagram  is  .89  inch;  the  length  of  the 
diagram,  3.2  inches;  the  vertical  scale  of  pressures,  1 inch  = 50  pounds 
per  square  inch;  the  horizontal  scale  of  volumes,  1 inch  (diagram) 
= .50  cubic  foot.  Find  the  work  done  in  12  strokes. 

Ans.  137,797.6  ft.-lb. 


HOKSEPOWEH  OF  STEAM  EN70IN7ES. 


INDICATED  IIOESEPOAVER  AND  NET  HORSE- 
POWER. 

29.  The  relation  between  the  pressures  on  the  two  sides 
of  a moving  piston  and  the  work  done  on  the  piston  was 
explained  in  Arts.  19  to  26,  and  the  student  is  advised  to 
carefully  review  the  explanation  there  given  in  conjunction 
with  his  study  of  this  section.  When  the  work  done  in  a 
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given  period  of  time  is  known,  the  eorresponding  horse- 
power is  obtained  as  follows:  Having  the  zvork  given  in 

foot-potinds  per  minute^  to  find  the  horsepoiver  divide  by 
33fi)00;  if  the  zvork  is  giz’en  in  foot -pounds  per  second,  the 
horsepozver  is  found  by  dividing  by  550.  Horsepower  is  often 
abbreviated  to  H.  P. 

30.  Indicated  Horsepower. — Th^  indicator  furnishes 
the  most  ready  method  of  measuring  the  pressures  on  the 
piston  of  a steam  engine  and,  in  consequence,  of  determin- 
ing the  amount  of  work  done  in  the  cylinder  and  the  corre- 
sponding horsepower.  The  power  measured  by  the  use  of 
the  indicator  is  called  the  indicated  liorsepower.  It  is 
the  total  power  developed  by  the  action  of  the  net  pres- 
sures of  the  steam  on  the  two  sides  of  the  moving  piston. 
The  indicated  horsepower  is  generally  represented  by  the 
initials  I.  H.  P. 

31.  Friction  horsepower  is  the  part  of  the  indicated 
horsepower  that  is  absorbed  in  overcoming  the  frictional 
resistances  of  the  moving  parts  of  the  engine.  If  the  engine 
is  running  light — with  no  load — all  the  power  developed  in 
the  cylinder  is  absorbed  in  keeping  the  engine  in  motion, 
and  the  friction  horsepower  is  equal  to  the  indicated  horse- 
power. This  principle  furnishes  a simple  approximate 
method  of  finding  the  friction  horsepower  of  a given  engine ; 
since,  however,  the  friction  between  the  surfaces  increases 
with  the  pressure,  the  power  absorbed  in  overcoming  engine 
friction  will  be  greater  as  the  load  on  the  engine  is  increased. 

S2,  Net  lioi’sepowei*  is  the  difference  between  the  indi- 
cated and  the  friction  horsepower.  It  is  the  power  the 
engine  delivers  through  the  flywheel  or  shaft  to  the  belt  or 
the  machine  driven  by  it,  and  is  sometimes  called  the  deliv- 
ered liorsepower.  Since  the  power  an  engine  is  capable 
of  delivering  when  working  under  certain  conditions  is 
often  measured  by  a device  known  as  a Prony  brake,  the  net 
horsepower  is  also  called  the  brake  liorsepower. 
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33.  The  meelianical  efficiency  of  an  engine  is  the 
ratio  of  the  net  horsepoiecr  to  the  indicated  horsepower  ; or 
it  is  the  percentage  of  the  mechanical  energy  developed  in 
the  cylinder  that  is  utilized  in  doing  useful  work. 

To  find  the  efficiency  of  an  engine,  when  the  indicated 
and  net  horsepowers  are  known: 

Rule  2. — Divide  100  times  the  net  horsepower  by  the  indi- 
cated horsepower. 

Example. — The  indicator  diagrams  taken  from  an  engine  running 
under  full  load  show  the  I.  H.  P.  to  be  238.5.  The  diagrams  taken 
when  the  engine  is  running  at  the  same  speed  under  no  load  show  a 
horsepower  of  39.7.  («)  What  is  the  approximate  net  H.  P.  developed 

by  the  engine  ? {b)  What  is  the  efficiency  of  the  engine  ? 

Solution. — {ci)  Approximate  net  H.  P.  = I.  H.  P. — friction  H.  P.  = 
238.5  - 39.7  = 198.8.  Ans. 


{p)  By  rule  2,  the  efficiency  is 


100  X net  H.  P. 

I.  H.  P. 


100  X 198.8 
238.5 


= 83.4  per  cent. 


Ans. 


The  mechanical  efficiency  of  a good  engine  is  from  75  to 
90  per  cent. 


MEASURIXG  THE  IXHICATED  IIORSEPOAYER. 

34.  In  accordance  with  the  principles  explained  in 
Arts.  19  to  2G,  when  the  net  pressure  on  the  piston  and 
the  piston  displacement  for  a given  period  of  time  are 
known,  the  work  done  during  the  given  period  can  be  calcu- 
lated. The  usual  period  of  time  considered  when  calcula- 
ting the  power  of  an  engine  is  1 minute;  since  33,000  foot- 
pounds of  work  per  minute  is  equal  to  1 horsepower,  the 
horsepower  is  obtained  by  dividing  the  work  done  in  one 
minute  by  33,000. 


FIIS^DIXG  THE  M.  E.  P. 

35.  The  mean  effective  pressure,  or  M.  E.  P. , is 
defined  as  the  average  pressure  urging  the  piston  forwards 
during  its  entire  stroke  in  one  direction,  less  the  pressure 
that  resists  its  progress. 
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36.  The  mean  effective  pressure  may  be  found  in  three 
ways: 

1.  The  area  of  the  diagram  in  square  inches  may  be 
measured  by  an  instrument  called  the  planimeter ; the 
M.  E.  P.  is  then  found  by  dividing  the  area  of  the  diagram 
in  square  inches  by  the  length  of  the  diagram  in  inches 
and  multiplying  by  the  scale  of  the  spring. 

Example. — The  area  of  the  diagram  is  4.2  square  inches  and  the 
length  is  3.5  inches;  a 40  spring  being  used,  find  the  M.  E.  P. 

4 2 

Solution. — ^ X 40  = 48  lb.  per  sq.  in.,  M.  E.  P.  Ans. 
o.o 

2.  A special  form  of  planimeter  may  be  used  by  means 
of  which  the  M.  E.  P.  may  be  measured  directly. 

3.  Where  a planimeter  is  not  available,  the  M.  E.  P.  may 
be  found  with  a fair  degree  of  accuracy  by  multiplying  the 
length  of  the  mean  ordinate  by  the  scale  of  the  spring. 

37.  Tlie  Planimeter. — A common  form  of  this  instru- 
ment is  shown  in  Fig.  9.  It  consists  of  two  arms  hinged 


together'by  a pivot  joint  at  j.  One  arm  carries  a recording 
wheel  which  rolls  on  the  surface  to  which  the  card  is 
fastened,  while  the  outline  of  the  diagram  is  being  traced  by 
the  point  f.  The  needle  point  / is  fixed  in  the  paper  or 
drawing  board,  and  remains  stationary  during  the  operation. 

The  indicator  card  should  be  fastened  to  a smooth  table 
or  drawing  board  that  has  been  previously  covered  with  a 
piece  of  heavy  unglazed  paper  or  cardboard.  The  point  p 
should  be  placed  far  enough  from  the  card  to  enable  the 
wheel  to  roll  on  the  unglazed  paper  without  touching  the 
card,  as  it  will  slip  if  rolled  over  a smooth  surface.  Set 
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the  zero  of  the  wheel  d opposite  the  vernier  c\  then,  with 
the  tracing  point  /*,  follow  the  line  of  the  diagram  carefully, 
going  around  the  diagram  in  the  direetion  of  the  hands  of  a 
watch^  and  stop  exactly  at  the  starting  point. 

38.  Reading:  tlie  Vernier. — The  area  is  read  from  the 
recording  wheel  and  vernier  as  follows:  The  circumference 
of  the  wheel  is  divided  into  10  equal  spaces  by  long  lines 
that  are  consecutively  numbered  from  0 to  9.  Each  of  these 
spaces  represents  an  area  of  1 square  inch  and  is  subdivided 
into  10  equal  spaces,  each  of  which  represents  an  area  of 
.1  square  inch.  Starting  with  the  zero  line  of  the  wheel 
opposite  the  zero  line  of  the  vernier  and  moving  the  tracing 
point  once  around  the  diagram,  the  zero  of  the  vernier  will 
be  opposite  some  point  on  the  wheel;  if  it  happens  to  be 
directly  opposite  one  of  the  division  lines  on  the  wheel,  that 
line  gives  the  exact  area  in  tenths  of  a square  inch.  The 
zero  of  the  vernier,  however,  will  probably  be  between  two 
of  the  division  lines  on  the  wheel,  in  which  case  write  down 
the  inches  and  tenths  that  are  to  the  left  of  the  vernier  zero, 
and  from  the  vernier  find  the  nearest  hundredth  of  a square 
inch  as  follows:  Find  the  line  of  the  vernier  that  is  exactly 
opposite  one  of  the  lines  on  the  wheel.  The  number  of 
spaees  on  the  vernier  between  the  vernier  zero  and  this  line 
is  the  number  of  hundredths  of  a square  inch  to  be  added  to 
the  inches  and  tenths  read  from  the  wheel.  An  example  is 
presented  in  Fig.  10,  where  the  0 of  the  vernier  lies  between 
the  lines  on  the  wheel  representing 
4.7  and  4.8  square  inches,  respect- 
ively, showing  that  the  area  is  some- 
thing more  than  4.7  square  inches. 

Looking  along  the  vernier  it  is  seen 
that  there  are  three  spaces  between 
the  vernier  zero  and  the  line  of  the 
vernier  that  coincides  with  one  of  the 
lines  on  the  wheel;  this  shows  that 
.03  square  inch  is  to  be  added  to  the 
4.7  square  inches  read  from  the  wheel,  making  the  area 
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4.73  square  inches,  to  the  nearest  hundredth  of  a square 
inch. 

39.  Modifications  of  Planimeter. — Planimeters  are 
made  in  a number  of  different  forms,  some  of  which  differ 
considerably  from  that  shown  in  Fig.  9.  One  of  the  most 
important  modifications  in  the  general  form  is  found  in  the  - 
Tjippiiicott  and  the  Willis  planimeters.  In  these  instru- 
ments the  wheel,  in  addition  to  its  rotary  motion,  slides  in 
the  direction  of  the  axis  of  its  spindle,  and  the  area  is  indi- 
cated by  the  amount  of  this  sliding  motion  as  measured  by 

a scale  parallel  to  the  axis.  The  Coffiii  averaging  instru- 
ment is  another  modification,  in  which  the  end  of  the  bar  to 
which  the  wheel  and  vernier  are  attached  is  guided  along  a 
straight  line  by  a slot  instead  of  being  jointed  to  another  bar. 

40.  Measuring  tlie  M.  E.  P.  Directly. — With  the  pla- 
nimeter illustrated  in  Fig.  9,  the  M.  E.  P.  is  found  by  divi- 
ding the  area  as  measured  by  the  instrument  by  the  length 
of  the  diagram  and  multiplying  the  quotient  by  the  scale  of 
the  spring.  Many  planimeters,  however,  including  those 
mentioned  in  the  last  article,  can  be  used  to  measure  the 
M.  E.  P.  directly,  no  calculation  being  required.  For  this 
purpose,  special  adjustments  and  scales  are  provided  by 
means  of  which  the  instrument  can  be  set  to  correspond  to 
the  length  of  the  diagram  and  the  scale  of  the  spring.  The 
makers  furnish  complete  instructions  for  the  use  of  each  of 
these  special  attachments. 

41.  Hints  for  Use  of  Planimeter. — It  is  well  to  so 
place  the  fixed  point  (/»,  Fig.  9)  of  the  instrument  that,  as 
the  tracing  point  moves  around  the  diagram,  the  arms  will 
swing  about  equally  on  each  side  of  a position  at  right 
angles  with  each  other.  A slight  dot  is  generally  made 
with  the  tracing  point  to  mark  the  point  at  which  its  motion 
around  the  diagram  begins ; when  the  tracing  point  reaches 
this  dot  in  the  paper,  the  operator  knows  that  the  motion 
around  the  diagram  has  been  completed.  The  direction  of 
motion  of  the  tracing  point  must  always  be  the  same  as  that 
of  the  hands  of  a watch ; motion  in  the  opposite  direction 
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will  move  the  wheel  in  the  wrong  direction  and  give  a neg- 
ative reading  for  the  area. 

When  measuring  diagrams  with  loops,  like  Fig.  11,  move 
the  tracing  point  so  that  it  will  follow  the  outline  of  the 
loops  in  a direction  opposite  to  the  direction  of  motion  of 
the  hands  of  a watch,  as  is  indicated  by  the  arrowheads  on 
the  diagram.  Fig.  11.  This  will  cause  the  instrument  to 
automatically  subtract  the  areas  of  the  loops  from  the  area 
of  the  main  part  of  the  diagram. 


An  excellent  check  on  the  work  is  to  start  with  the  record- 
ing wheel  at  zero  and  pass  the  tracing  wheel  around  the  dia- 
gram two  or  three  times,  noting  the  reading  of  the  wheel 
each  time  the  tracing  point  returns  to  the  point  of  starting. 
Each  reading  of  the  wheel  divided  by  the  number  of  times 
the  outline  of  the  diagram  has  been  traced  should  give,  very 
nearly,  the  value  of  the  first  reading;  if  there  is  a consider- 
able difference  between  the  first  reading  and  the  value 
obtained  by  dividing  the  second  reading  by  2 or  the  third 
reading  by  3,  it  is  an  indication  that  an  error  has  been  made, 
and  the  work  should  be  repeated.  If  the  difference  is  small, 
the  work  may  be  assumed  to  be  satisfactory  and  the  value 
to  be  used  for  the  area  or  the  M.  E.  P.  may  be  taken  as  the 
average  found  by  dividing  the  last  reading  by  the  number 
of  times  the  tracing  point  passed  around  the  diagram. 
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4:2,  Finding:  the  M.  E.  P.  by  Ordinates. — This  opera- 
tion may  be  performed  by  the  aid  of  two  triangles,  a scale, 
and  a hard  lead  pencil;  if  two  triangles  are  not  available,  a 
single  triangle  and  a straightedge  will  suffice.  Lines  per- 
pendicular to  the  atmospheric  line  and  tangent  to  the  two 
ends  of  the  diagram  must  first  be  drawn;  the  perpendicular 
distance  between  these  tangents  will  be  the  length  of  the 
diagram,  and  this  length  must  be  divided  into  some  number 
of  equal  parts  (10  or  20  parts  are  the  most  convenient,  but 
any  other  number  may  be  used).  Midway  between  any  of 
the  points  of  division  draw  a line  parallel  to  the  two  tan- 
gents; the  part  of  this  line  included  between  the  lines  of 
the  diagram  is  the  middle  ordinate  of  its  corresponding 
space.  The  sum  of  the  lengths  of  all  of  these  middle  ordi- 
nates divided  by  the  number  of  spaces  is  the  mean  ordinate 
and  gives,  approximately,  the  average  height  of  the  dia- 
gram. The  length  of  the  mean  ordinate  should  agree  very 
nearly  with  the  value  obtained  by  dividing  the  area  of  the 
diagram — as  measured  by  a planimeter — by  the  length  of 
the  diagram.  The  M.  E.  P.  is  found  by  multiplying  the 
length  of  the  mean  ordinate  by  the  scale  of  the  spring  with 
which  the  diagram  was  taken. 

If  a scale  graduated  to  correspond  with  the  scale  of  the 
spring  is  available,  the  M.  E.  P.  may  be  obtained  by  meas- 
uring the  ordinates  in  pounds  instead  of  in  inches ; the  sum 
of  the  lengths  of  the  ordinates  as  so  measured  divided  by 
their  number  gives  the  M.  E.  P.  of  the  diagram.  For 
example,  let  the  scale  of  the  spring  be  40,  then  each  inch 
in  the  length  of  an  ordinate  represents  a pressure  of  1 pound 
per  square  inch,  and  by  measuring  the  length  of  an  ordi- 
nate with  a scale  graduated  in  fortieths  of  an  inch,  the 
number  of  pounds  pressure  represented  by  that  ordinate  is 
found. 


43.  A convenient  method  of  finding  the  sum  of  the 
lengths  of  the  ordinates  of  a diagram,  and  one  that  is 
especially  to  be  recommended  when  a decimal  scale  is  not 
available,  is  the  following:  Take  a strip  of  paper  having  a 
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straight  edge  a little  longer  than  the  sum  of  the  lengths  of 
the  ordinates.  Lay  this  strip  along  the  first  ordinate.  From 
the  point  on  the  strip  representing  one  end  of  the  first  ordi- 
nate lay  off  the  length  of  the  next  ordinate.  In  the  same 
way  lay  off  on  the  strip  the  length  of  each  of  the  ordinates 
in'  succession.  The  length  of  the  strip  included  between 
the  extreme,  or  first  and  last,  points  so  marked  will  be  equal 
to  the  sum  of  the  lengths  of  the  ordinates,  and  this  length 
divided  by  the  number  of  ordinates  will  give  the  length  of 
the  mean  ordinate. 

Example. — {a)  The  lengths  between  the  extreme  points  on  a strip 
of  paper  on  which  has  been  laid  off  successively  the  lengths  of  the 
10  ordinates  of  an  indicator  diagram  is  12f\  inches.  What  is  the  length 
of  the  mean  ordinate  to  the  nearest  .001  inch?  {b)  The  diagram  was 
taken  with  a 20  spring;  what  is  the  M.  E.  P.? 

Solution. — {a)  Reducing  the  fractional  parts  of  the  sum  of  the 
lengths  of  the  ordinates  to  a decimal,  we  have  inch  = .3125  inch. 
The  length  of  the  mean  ordinate  is,  then,  12.3125  -r- 10  = 1.23125  inches, 
or  to  the  nearest  .001,  1.231  inches.  Ans.  ’ 

d))  Multiplying  the  length  of  the  mean  ordinate  by  the  scale  of  the 
spring,  the  M.  E.  P.  is  1.231  X 20  = 24.62  lb.  per  sq.  in.  Ans. 

44.  Locating  tlie  Ordinates. — The  length  of  the  dia- 
gram will  seldom  be  divisible  into  equal  parts  that  can 
readily  be  laid  off  by  a scale,  and  to  divide  the  length  into 
equal  parts  by  a cut-and-try  process  will  be  found  very 
tedious. . These  difficulties  may,  however,  be  overcome  by 
an  application  of  a simple  geometrical  principle,  in  the  man- 
ner illustrated  in  Fig.  12.  The  tangent  lines  a b and  c d are 
first  drawn  perpendicular  to  the  atmospheric  line  in  n.  A 
scale  is  then  selected  so  graduated  that  when  the  0 mark  is 
placed  on  the  line  a b and  the  scale  lies  diagonally  across  the 
diagram,  the  desired  number  of  spaces  will  be  included 
between  the  0 mark  and  a mark  that  will  fall  on  the  line  c d. 
In  Fig.  12  it  was  desired  to  divide  the  diagram  so  as  to  get 
10  ordinates.  The  length  of  the  diagram  is  a little  less  than 
5 inches;  a scale  graduated  in  inches  can,  therefore,  readily 
be  placed  with  the  0 mark  on  the  line  a b and  the  5-inch 
mark  on  the  line  c d.  Lines  drawn  parallel  to  a b and  cd 
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through  each  of  the  inch  and  half-inch  marks  from  0 to  5 
would  evidently  divide  the  diagram  into  10  spaces  of  equal 


width,  and  since  the  ordinates  are  to  be  drawn  through  the 
middle  of  these  spaces,  we  see  that  to  locate  the  ordinates 


Fig.  12. 
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it  is  only  necessary  to  make  a mark  on  the  diagram  opposite 
each  of  the  quarter-inch  marks  on  the  scale,  and  draw  paral- 
lels to  a b and  cd  through  these  marks. 

45.  Mean  Ordinate  of  a Diagram  Witli  Eooiis. — To 

find  the  mean  ordinate  of  a diagram  with  loops  (see  Fig.  11), 
subtract  the  sum  of  the  lengths  of  the  ordinates  of  the 
loops  from  the  sum  of  the  lengths  of  the  ordinates  of  the 
main  part  of  the  diagram  and  divide  by  the  total  number  of 
ordinates.  In  order  to  get  reasonably  accurate  results 
with  a diagram  of  this  kind,  it  will  generally  be  necessary 
to  use  a greater  number'  of  ordinates  than  are  required  for 
a more  simple  form  of  diagram. 

46.  Approximate  Determination  of  M.  E.  P. — To 

approximately  determine  the  M.  E.  P.  of  an  .engine  when 
the  point  of  apparent  cut-off  is  known,  and  the  boiler  pres- 
sure, or  the  pressure  per  square  inch  in  the  boiler,  from 
which  the  supply  of  steam  is  obtained,  is  given,  and  when 
an  indicator  diagram  is  not  obtainable,  use  the  following 
rule: 

Rules. — Add  lJf.7  to  the  gaiige  pressure  and  multiply 
the  number  opposite  the  fraction  indicating  the  point  of  cut-off 
in  the  table ^ Art.  46,  by  the  pressure.  Subtract  17  from 
the  product  and  multiply  by  .9.  The  result  is  the  M.  E.  P. 
for  good,  simple  non-condensing  engines. 


Cut-off. 

Constant. 

Cut-off. 

Constant. 

Cut-off. 

Constant. 

1 

■6 

.566 

f 

.771 

2 

3 

.917 

1 

.603 

.4 

.789 

.7 

,926 

1 

4 

.659 

1 

■2- 

.847 

I 

.937 

.3 

.708 

.6 

.895 

.8 

.944 

.743 

f 

.904 

.951 

If  the  engine  is  a simple  condensing  engine,  subtract  the 
pressure  in  the  condenser  instead  of  17.  The  fraction 
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indicating  the  point  of  cut-off  is  obtained  by  dividing  the 
distance  that  the  piston  has  traveled  when  the  steam  is  cut 
off  by  the  whole  length  of  the  stroke;  i.  e.,  it  is  the  appar- 
ent cut-off.  For  a f cut-off  and  92  pounds  gauge  pressure 
in  the  boiler,  the  M.  E.  P.  is  [(92  + 14.7)  X .917  — 17]  X .9 
= 72.6  pounds  per  square  inch. 

It  is  to  be  observed  that  this  rule  cannot  be  applied  to  a 
compound  engine  or  any  other  engine  in  which  the  steam 
is  expanded  in  successive  stages  in  several  cylinders. 

Example. — Find  the  approximate  M.  E.  P.  of  a non-condensing 
engine  cutting  off  at  i stroke  and  making  240  revolutions  per  minute. 
The  boiler  pressure  is  80  pounds  gauge. 

Solution. — 80  + 14.7  = 94.7.  Using  rule  3 and  table,  Art.  46, 
the  constant  for  | cut-off  is  .847,  and  .847  X boiler  pressure  = .847  X 94.7 
= 80.21.  M.  E.  P.  = (80.21  - 17)  X .9  = 56.89  lb.  per  sq.  in.  Ans. 


EXAMPLES  ON  FINDING  THE  M.  E.  P. 

Example  1. — The  projection  of  the  head-end  diagram  shown  in 
Fig.  13  upon  the  atmospheric  line  is  the  distance  A Z,  and  it  is  divided, 


in  this  case  into  14  equal  spaces.  The  length  of  each  of  the  perpen- 
dicular lines  drawn  through  the  diagram  opposite  the  centers  of  these 
spaces  is  marked  on  the  line  itself.  The  scale  of  the  spring  used  in 
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obtaining  the  diagram  was  40  pounds.  Find  (a)  the  length  of  the  mean 
ordinate  and  (d)  the  M.  E.  P.  of  the  diagram. 

Solution. — (<'^)  The  sum  of  the  lengths  of  the  14  ordinates  is 

18.11  inches;  the  length  of  the  mean  ordinate  is,  therefore,  18.11  14 

= 1.294  in.,  nearly.  Ans. 

G)  Multiplying  the  length  of  the  mean  ordinate  by  the  scale  of  the 
spring,  we  have  M.  E.  P.  = 1.294  x 40  = 51.76  lb.  per  sq.  in.  Ans. 

Example  2. — The  projection  of  the  crank-end  diagram  shown  in 
Fig.  14  upon  the  atmospheric  line  is  the  distance  A Z,  and  it  is  divided 


in  this  case  into  14  equal  spaces.  The  length  of  each  of  the  perpen- 
dicular lines  drawn  through  the  diagram  opposite  the  centers  of  these 
spaces  is  marked  on  the  line  itself.  The  scale  of  the  spring  is  40  pounds. 
Find  (a)  the  mean  ordinate  and  G)  the  M.  E.  P.  of  the  diagram. 

Solution. — (a)  The  sum  of  the  lengths  of  the  14  ordinates  is 
17.78  inches;  the  length  of  the  mean  ordinate  is,  therefore,  17.78  14 

= 1.27  in.  Ans. 

(d)  Multiplying  the  mean  ordinate  by  the  scale  of  the  spring,  we 
have  M.  E.  P.  — 1.27  x 40  = 50.8  lb.  per  sq.  in.  Ans. 

Example  3. — What  was  the  average  M.  E.  P.  in  the  cylinder  during 
the  revolution  represented  by  the  two  diagrams  in  examples  1 and  2 ? 

Solution. — Since  the  M.  E.  P.  in  the  head  end  was  51.70  pounds  per 
square  inch  and  that  in  the  crank  end  Wvis  50.8  pounds  per  square  inch, 
the  average  for  the  two  strokes  making  up  the  complete  revolution  was 
51.76  + 50.8 
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CAECUEATmG  THE  I?^HICATED  HORSEPOWER. 

47.  General  Rule  for  Calcnlatini^  I.  II.  P. — KnoAving 
the  dimensions  and  speed  of  the  engine  and  the  mean  effec- 
tive pressure  on  the  piston,  we  have  all  the  data  for  finding 
the  rate  of  work  done  in  the  engine  cylinder  expressed  in 
horsepowers.  Work  is  the  product  of  force  multiplied  by  the 
distance  through  which  it  acts.  In  the  case  of  the  engine 
cylinder,  the  total  force  is  the  M.  E.  P.  per  square  inch  multi- 
plied by  the  area  of  the  piston ; and  the  distance  through 
which  the  force  acts  in  1 minute  is  the  distance  the  piston 
moves  in  1 minute,  which  is  equal  to  the  number  of  strokes 
per  minute  multiplied  by  the  length  of  the  stroke. 

Rule  4. — To  find  the  indicated  horsepower  developed  by  the 
engine^  multiply  together  the  M.  E.  P.  per  sq.  in.^  the  area  of 
piston  in  square  inches^  the  length  ofi  stroke  in  feet^  and  the 
number  of  strokes  per  mimite.  Divide  the  product  by  33,000  ; 
the  result  zvill  be  the  indicated  horsepoivcr  of  the  engine. 


Let  I.  H.  P.  = indicated  horsepower  of  engine; 

P = M.  E.  P.  in  pounds  per  square  inch; 

A = area  of  piston  in  square  inches; 

L = length  of  stroke  in  feet; 

W=  number  of  working  strokes  per  minute. 

Then,  the  above  rule  may  be  expressed  thus: 


I.H.P. 


PLAN 
33,000  * 


In  a double-acting  engine  the  number  of  Avorking  strokes 
per  minute  is  tAvice  the  number  of  revolutions  per  minute. 
For  example,  if  a double-acting  engine  runs  at  a speed  of 
210  revolutions  per  minute  there  are  420  Avorking  strokes 
per  minute.  A fcAV  types  of  engines,  hoAvever,  are  single- 
acting;  that  is,  the  steam  acts  on  only  one  side  of  the  piston. 
Such  are  the  Westinghouse,  the  Willans,  and  others.  In 
this  case,  only  one  stroke  per  revolution  does  Avork,  and, 
consequently,  the  number  of  strokes  per  minute  to  be  used 
in  the  above  rule  is  the  same  as  the  number  of  revolutions 
per  minute. 
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Unless  it  is  specifically  stated  that  an  engine  is  single- 
acting,  it  is  always  understood,  when  the  dimensions  of  an 
engine  are  given,  that  a double-acting  engine  is  meant. 


48.  Piston  Sliced. — The  product  Z of  rule  4 gives 
the  total  distance  traveled  by  the  piston  in  1 minute. 
This  is  called  the  piston  speed.  It  is  usual  to  take  the 
stroke  in  inches.  Then,  to  find  the  piston  speed,  multiply 
the  stroke  in  inches  by  the  number  of  strokes  and  divide  by 


12,  or,  letting  S represent  the  piston  speed,  N = 


UV 

12’ 


where 


I is  the  stroke  in  inches.  But  N — 2 Z,  where  R represents 
the  number  of  revolutions  per  minute.  Hence, 


IN  _IR 

“ 12  ” 12  “ 6 ‘ 


Rules. — To  find  the  piston  speed  of  an  engine^  nmltiply 
the  stroke  in  inches  by  the  njiniber  of  revolutions  per  minute 
and  divide  the  product  by  6. 


Example. — An  engine  with  a 52-inch  stroke  runs  at  a speed  of 
66  revolutions  per  minute.  What  is  the  piston  speed  ? 


Solution. — By  rule  5,5=  ^ ^ - = 572  ft.  per  min. 


Ans. 


The  piston  speeds  used  in  modern  practice  are  about  as 
follows : 


/t'.  per  min. 

Small  stationary  engines 300  to  600. 

Large  stationary  engines GOO  to  1,000. 

Corliss  engines 400  to  750. 

Locomotives GOO  to  1,200. 


49.  Allowance  for  Area  of  Piston  Rod. — It  is  generally 
considered  sufficiently  accurate  to  take  the  total  area  of  one 
side  of  the  piston  as  the  area  to  be  used  in  calculating  the 
horsepower  of  an  engine.  The  effective  area  of  one  side  of 
the  piston  is,  however,  reduced  by  the  sectional  area  of  the 
piston  rod,  and  if  it  is  important  that  the  power  be  calculated 
to  the  greatest  practicable  degree  of  accuracy,  an  allowance 
for  the  area  of  the  piston  rod  must  be  made.  This  is  done  by 
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taking  as  the  piston  area  one-half  the  sum  of  the  areas  exposed 
to  steam  pressure  on  the  two  sides  of  the  piston.  Thus,  if 
we  have  a piston  30  inches  diameter  with  a 6-inch  piston  rod, 


the  average  area  is 


30^  X .7854 -h  (30^  X .7854-  6^  X .7854) 
2 


= 692.72  square  inches.  If  the  piston  rod  is  con- 
tinued past  the  piston  so  as  to  pass  through  the  head- 
end  cylinder  head,  i.  e.,  if  the  piston  has  a tail  rod, 
allowance  must  be  made  for  the  tail  rod.  Thus,  with 
a piston  30  inches  diameter,  a piston  rod  6 inches  diam- 
eter, and  a tail  rod  5 inches  diameter,  the  average  area 
(30^  X .7854  - 5^  X .7854)  -f  (30^  X .7854  - 6^  X .7854) 

= 682.9  square  inches. 


Example  1. — The  diameter  of  the  piston  of  an  engine  is  10  inches 
and  the  length  of  stroke  15  inches.  It  makes  250  revolutions  per 
minute  with  an  M.  E.  P.  of  40  pounds  per  square  inch.  What  is  the 
horsepower  ? 

Solution. — The  number  of  working  strokes  is  250  X 2 = 500  per 
minute.  Applying  rule  4,  we  get 


I.  H.  P.  = 


40  X II  X (102  X .7854)  X 500 


= 59.5  H.  P.  Ans. 


33,000 

Example  2. — In  Fig.  15  are  shown  two  indicator  diagrams  taken 
from  an  18"  X 20"  engine,  making  200  revolutions  per  minute.  The 


scale  of  the  spring  is  60.  Compute  (a)  the  mean  effective  pressure  and 
C/d  the  horsepower. 
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Solution. — (a)  Divide  the  diagrams  into  10  equal  parts,  as  shown  by 
the  full  lines.  Then,  as  previously  directed,  draw  lines  or  ordinates 
(see  dotted  lines  in  cut)  perpendicular  to  the  atmospheric  line  through 
the  middle  points  of  each  of  the  10  equal  divisions.  Measuring  the 
lengths  of  all  the  dotted  lines  and  adding  them  together,  we  find  the 
sum  of  the  lengths  for  diagram  A is  7.8  inches  and  for  diagram  B 
7.84  inches.  Dividing  each  of  these  results  by  10  and  multiplying  by 

7 8 

• the  scale  of  the  spring,  we  have  x GO  = 46.8  pounds  per  square 

7 84 

inch  = M.  E.  P.  for  diagram  A,  and  x 60  = 47.04  pounds  per  square 

inch  = M.  E.  P.  for  diagram  B.  The  average  M.  E.  P.  for  both  cards  is 

46.8  + 47.04  _ „ . „ . . 

46.92  lb.  per  sq.  in.  Ans. 

2i 


{d)  To  find  the  horsepower,  the  value  for  the  M.  E.  P.  must  be  sub- 

P L A N 

stituted  for  Ain  the  formula  corresponding  to  rule  4,  = H.  P. 

oojOUU 

Reducing  the  stroke  to  feet,  and  substituting  the  values  of  P,  Z,  A, 
and  A",  we  have 

46.92  X ft  X (18^  X .7854)  X (200  X 2)  _ 

■ - .41.^1  H.  Ans. 


COXSTAXTS. 

50.  An  engine  constant  for  a given  engine  is  a number 
obtained  by  combining  into  a single  factor  all  the  factors  of 
the  horsepower  rule  that  are  constant  for  that  engine. 
This  factor  may  then  be  substituted  for  the  factors  that 
were  combined  to  produce  it,  and  a new  rule  obtained  for 
that  engine,  in  which  the  number  of  unknown  quantities  is 
less  than  in  the  original  rule.  The  labor  involved  in  calcu- 
lating the  I.  H.  P.  for  the  engine  is  thus  considerably 
reduced. 

51.  Constant  for  a XJniform  Sliced  of  Rotation. — 
AVhen  the  speed  of  rotation  of  a given  engine  is  uniform,  all 
the  factors  except  the  mean  effective  pressure  are  constant; 
the  engine  constant  for  this  case  can,  therefore,  be  found  by 
the  following  rule: 

Rule  0. — Mtiltiply  together  the  length  of  the  stroke  in  feet^ 
the  area  of  the  piston  in  square  inches^  and  the  mintber  of 
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working  strokes  per  minute^  and  divide  the  product  by  33,000  ; 
the  quotient  ivill  be  the  engine  co?istant. 

This  rule  may  be  expressed  by  the  formula 

_LAN  ^ 

33,000  ’ 

in  which  is  the  engine  constant  for  the  uniform  speed  of 
rotation,  and  L,  A,  and  iV' have  the  same  meaning  as  in  the 
formula  corresponding  to  rule  4.  The  constant  C^^  is  the 
horsepower  of  the  engine  for  a mean  effective  pressure  of 
1 pound  per  square  inch.^ 

To  find  the  I.  H.  P.  when  the  engine  constant  for  a uni- 
form speed  of  rotation  is  known,  multiply  the  engine  con- 
stant by  the  M.  E.  P. 


Example  1. — What  is  the  engine  constant  for  a 16"  X 20"  engine  run- 
ning at  a uniform  speed  of  200  R.  P.  M.? 

Solution. — The  length  L of  the  stroke  is  ff  feet,  the  area  A of  the 
piston  is  16‘^  X .1854  = 201  square  inches,  and  the  number  of  strokes  N 
is  2 X 200  = 400.  Substituting  these  values  in  the  formula  correspond- 
ing to  rule  G,  we  have 


_ f 0 X 201  X 400 
“ “ 33,000 


4.06.  Ans. 


Example  2. — What  is  the  I.  H.  P.  of  the  engine  of  example  1 when 
the  average  M.  E.  P.  for  a pair  of  indicator  diagrams  is  43.2  pounds 
per  square  inch  ? 

Solution. — Multiplying  the  engine  constant  by  the  M.  E.  P.,  we 
have  I.  H.  P.  = 4.06  X 43.2  = 175.39.  Ans. 


52,  Constant  for  a Varying:  Speed  of  Rotation. — 
When  the  speed  of  rotation  is  variable,  the  engine  constant 
is  given  by  the  following  rule: 


Rule  7. — Multiply  together  twice  the  length  of  stroke  in 
feet  and  the  area  of  the  piston  in  square  inches  ; divide  the 
product  by  33,000  for  a double-acting  engine.  For  a single- 
acting  engine,  multiply  the  length  of  stroke  in  feet  by  the 
area  of  the  piston  in  square  inches  and  divide  the  product 
by  33,000. 


Or, 


^LA 

33,000 


for  double-acting  engines, 
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and  C = 33“^  single-acting  engines, 

where  — engine  constant. 

The  value  of  derived  from  these  formulas  is  the  I.  H.  P. 
of  the  engine  for  a speed  of  1 revolution  per  minute  and  a 
mean  effective  pressure  of  1 pound  per  square  inch.  To 
find  the  I.  H.  P.,  multiply  this  constant  by  the  number  of 
revolutions  per  minute  and  the  product  so  obtained  by 
the  M.  E.  P. 

53.  Formiilas  for  M.  E.  P.  and  I.  II.  P.  in  Terms  of 
Area  of  Diagram. — The  fact  that  the  M.  E.  P.  of  a dia- 
gram is  equal  to  its  area  in  square  inches  divided  by  its 
length  in  inches  and  this  product  multiplied  by  the  scale  of 
the  spring  enables  us  to  develop  a formula  by  means  of 
which  the  horsepower  can  be  calculated  from  the  area  and 
length  of  the  diagram  and  a constant  that  is  obtained  by 
multiplying  the  engine  constant  by  the  scale  of  the  spring. 
Such  a formula  will  be  found  convenient  when  the  area  of 
the  diagram  is  measured  by  a planimeter  that  cannot  be  set 
to  measure  the  M.  E.  P.  of  the  diagram  directly. 

Let  a = area  of  diagram  in  square  inches; 

/ = length  of  diagram  in  inches; 
s = scale  of  spring. 

Then  _ M.  E.  P.  = y . 

This  value  of  M.  E.  P.  can  be  substituted  for  P in  the 
formula  corresponding  to  rule  4,  giving  us  the  formula 

^LAN 

For  a given  engine  from  which  a number  of  diagrams  are 
to  be  taken,  the  factors  .y,  L,  A,  and  N will  generally  be 
constant;  these  factors  may,  therefore,  be  combined  with 
the  factor  33,000  in  the  same  manner  as  was  done  in  Art.  51  ; 
a constant  which  we  will  call  may  thus  be  obtained  which 
will  be  given  by 
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Rule  8. — M2iltiply  together  the  seale  of  the  inelicator  springy 
the  length  of  stroke  in  feet^  the  area  of  the  piston  m square 
inehes^  and  the  number  of  zvorking  strokes  per  minute.  Divide 
the  produet  by  SSfOO. 


Or, 


sLAN 

33,000* 


The  indicated  horsepower  will  then  be  given  by  multiply- 
ing this  constant  by  the  area  of  the  diagram  if  the  engine  is 
single-acting,  or  the  average  area  of  the  two  diagrams  if  the 
engine  is  double-acting,  and  dividing  the  product  by  the 
length  of  the  diagram. 


54.  If  the  indicator  reducing  motion  is  so  constructed 
that  the  length  I of  the  diagrams  is  constant,  the  constant 
may  be  made  to  include  this  factor.  Calling  such  a con- 
stant G,,  we  have 


Rule  9. — Miiltiply  together  the  scale  of  the  indicator  springy 
the  length  of  stroke  in  feet.,  the  area  of  the  piston  in  square 
inches,  and  the  number  of  zvorking  strokes  per  minute.  Divide 
this  product  by  the  prodiict  of  83,000  and  the  length  of  the 
diagram. 


Or, 


^ _ sLAN 
^ ~ 33,000/* 


With  this  constant,  the  indicated  horsepower  can  be  found 
by  multiplying  it  by  the  area  of  the  diagram  if  the  engine  is 
single-acting,  or  the  average  area  of  the  two  diagrams  when 
the  engine  is  double-acting. 

Example. — Calculate  the  value  of  the  constant  by  which  to  multiply 
the  area  of  the  diagrams  to  find  the  I.  H.  P.  for  a 12"  X 16"  engine 
running  at  250  R.  P.  M.  when  the  scale  of  the  spring  is  50  and  the 
length  of  the  diagrams  is  inches. 

Solution. — The  length  L of  the  stroke  is  If  feet,  the  area  A of  the 
piston  is  12‘^  X .1854  = 113.1  square  inches,  and  the  number  A^of  work- 
ing strokes  is  2 X 250  = 500  per  minute.  Substituting  these  values  and 
the  given  values  for  the  scale  of  the  spring  and  the  lengtl^  of  the  dia- 
gram in  rule  9,  we  have 


Ci  = 


50  X if  X 113.1  X 500 
33,000  X 3f 


==  32.64. 


Ans. 
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55.  Formula  for  I.  II.  P.  in  Terms  of  Total  Tjeii^tli 
of  Ordinates. — 

Let  n — number  of  ordinates  drawn  on  diagram ; 

sum  of  the  lengths  of  ordinates  in  inches; 
h — length  of  mean  ordinate  in  inches ; 

Cq  — constant  for  calculating  the  I.  H.  P.  from  the 
ordinates ; 

.y  = scale  of  indicator  spring. 

In  accordance  with  Art.  43,  the  length  of  the  mean  ordi- 
nate is  equal  to  the  sum  of  the  lengths  of  the  ordinates  divided 
by  their  number;  that  is, 


and  in  accordance  with  Art.  43,  the  mean  effective  pressure 
is  equal  to  the  length  of  the  mean  ordinate  multiplied  by 
the  scale  of  the  spring,  or 


M.  E.  P.  =sh  = s-. 

n 

Substituting  this  value  of  the  M.  E.  P.  for  P in  the  formula 
corresponding  to  rule  4,  we  have 


I.  H.  P.  = 


s-LAN 

n 

33,000  * 


56.  For  the  diagrams  taken  from  a given  engine  running 
at  a uniform  rate  of  speed,  the  factors  .y,  n,  A,  A,  and  iVare 
generally  constant.  They  may,  therefore,  be  combined  with 
the  constant  factor  33,000  to  form  a new  constant  whose 
value  is  given  by  the  following  rule: 


Rule  10. — Mtiltiply  together  the  scale  of  the  indicator 
springy  the  length  of  stroke  in  feet^  the  area  of  the  piston  in 
square  inches^  and  the  mtniber  of  luorking  strokes  per  minute. 
Divide  this  product  by  the  product  of  33f00  and  the  number 
of  ordinates. 


Or, 


sLAN 


33,000  n 
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This  constant  multiplied  by  the  sum  o of  the  lengths  of 
the  ordinates  in  inches  for  a diagram  gives  the  indicated 
horsepower  for  a single-acting  engine.  For  a double-acting 
engine  one-half  the  sum  of  the  lengths  of  the  ordinates  of  the 
two  diagrams  is  to  be  taken.  It  is  to  be  observed  that  the 
number  of  ordinates  must  be  the  same  for  each  diagram, 
and  that  in  case  of  a double-acting  engine  the  stun  of  the 
number  of  ordinates  of  the  two  diagrams  must  not  he  used. 

Example  1. — Calculate  the  value  of  the  constant  Co  for  diagrams 
taken  with  a 40  spring  from  a 28"  X 42"  engino-running  at  90  R.  P.  M. 
when  the  number  of  ordinates  is  20. 

Solution. — The  area  A of  the  piston  is  28^  X .7854  = 615.75  square 
inches;  the  length  L of  the  stroke  is  y|  = 3|  feet,  and  the  number  iV 
of  working  strokes  is  2 X 90  = 180  per  minute.  Substituting  these  and 
the  values  given  for  the  scale  s of  the  spring  and  the  number  n of 
ordinates Jn  rule  10,  we  have 


Co  = 


40  X 3i  X 615.75  X 180 
33,000  X 20 


23.51.  Ans. 


Example  2. — What  is  the  I.  H.  P.  of  the  engine  of  example  1,  when 
one-half  the  sum  of  the  lengths  of  the  20  ordinates  of  the  two  diagrams 
is  19j^^  inches  ? 

Solution.— 

I.  H.  P.  = 23.51  X 19 = 451.1,  nearly.  Ans. 


BRAKE  HORSEPOWER. 


DYNAMOMETERS. 

57,  Dynamometers  are  instruments  for  measuring  power. 
They  are  divided  into  two  main  classes:  absorption  dyna- 
mometers and  transmission  dynamometers. 

58.  The  most  common  form  of  absorption  djTiamom- 
eter  is  the  Prony  brake,  which  consists  simply  of  a friction 
brake  designed  to  absorb  in  friction  and  measure  the  work 
done  by  a motor,  or  the  power  given  out  by  a shaft. 
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59.  A transmission  (lynainonieter  is  used  to  measure 
the  power  required  to  drive  a machine  or  do  other  work; 
then,  to  determine  the  power  required  to  run  the  shafting  in 
a mill,  a transmission  dynamometer  would  be  interposed 
between  the  shafting  and  the  source  of  power,  and  by  suit- 
able belt  connections  the  shafting  would  be  driven  through 
the  dynamomoter,  from  which  the  power  could  be  deter- 
xuined.  Since  transmission  dynamometers  do  not  enter  into 
the  work  of  the  steam  engineer,  they  will  not  be  treated  of 
here. 

60.  Brake  liorsexjower  is  a term  often  applied  to  the 
power  measured  by  a Prony  brake  or  other  type  of  absorp- 
tion  dynamometer.  The  brake  horsepower  of  an  engine  or 
other  motor  working  under  given  conditions  is  the  same  as 
the  net  horsepower.  Since  the  power  measured  by  an 
absorption  dynamometer  is  the  power  a motor  delivers  at 
the  shaft  or  flywheel,  it  is  sometimes  called  the  delivered 
horsepower. 

61.  The  Prony  Brake. — Fig.  16  represents  a simple  and 
common  form  of  Prony  brake.  It  consists  of  two  wooden 


blocks  A and  B that  are  clamped  together  upon  a pulley  B 
by  the  bolts  and  thumbnuts  c,  c.  The  same  bolts  clamp  an 
arm  L to  the  upper  block,  from  which  a scale  pan  bearing  a 
known  weight  W is  suspended.  The  distance  R from  the 
center  of  the  pulley  to  the  perpendicular  through  the  point 
from  which  the  scale  pan  is  suspended  is  also  known.  The 
counterweight  W should  be  so  adjusted  as  to  just  balance 
the  extra  length  of  L on  the  right  and  the  weight  of  the 
scale  pan. 
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Suppose  the  pulley  to  revolve  left-handed  and  the  bolts  c, 
tightened  until,  with  a weight  W in  the  scale  pan,  the  lever  Z 
will  remain  stationary  in  a horizontal  position.  Then  the 
foot-pounds  of  work  absorbed  by  the  brake  can  be  found  by 
multiplying  the  weight  W by  the  circumference  of  a circle 
whose  radius  is  R (in  feet)  and  by  the  number  of  revolutions 
of  the  pulley. 


Rule  11. — To  find  the  horsepower,  multiply  the  zveight  in 
the  scale  pan  by  the  length  in  feet  of  the  lever  arm  about  the 
center  of  the  shaft,  by  the  number  of  revolutions  of  the  pulley 
per  minute,  and  by  6.2832.  Divide  the  product  by  33,000. 


Or, 


H.  P.  = 


IVRNx  6.2832 
33,000 


where  H.  P.  = number  of  horsepower  absorbed; 

R = length  in  feet  of  lever  arm  about  center  of 
shaft; 

W = weight  in  scale  pan; 

N = number  of  revolutions  per  minute. 

Example. — A brake  with  an  arm  R 6 feet  long  was  placed  on  the 
flywheel  of  an  engine.  If  the  engine  ran  at  200  revolutions  per  minute, 
what  power  did  it  develop  when  the  brake  balanced  with  14  pounds  in 
the  scale  pan  ? 


Solution. — Applying  the  rule  just  given,  we  get 


H.  P. 


14  X 6 X 200  X 6.2832 
33,000 


= 3. 198.  Ans. 
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63.  Brakes  are  often  constructed  of  a metal  band  that 
extends  entirely  around  the  pulley,  the  rubbing  surface 
being  formed  of  blocks  of  wood  fitted  to  the  inside  of  the 
band.  A weight  arm  is  attached  to  one  side  of  the  pulley, 
and  the  friction  is  varied  by  means  of  a bolt  and  nut  used  to 
connect  the  two  ends  of  the  band. 

Instead  of  hanging  weights  in  the  scale  pan,  the  friction 
may  be  weighed  on  a platform  scale,  as  shown  in  Fig.  17. 
In  this  case,  the  direction  of  rotation  of  both  pulley  and  arm 
is  the  same.  Rule  11  may  be  used  for  calculating  the  brake 
horsepower,  substituting  the  weight  indicated  by  the  scale 


Fig.  18. 


for  the  weight  in  the  scale  pan,  and  taking  the  length  of 
the  lever  as  the  distance  between  the  center  of  the  shaft 
and  the  point  where  the  lever  presses  on  the  platform.  In 
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reading  the  weight  off  the  scale  beam,  it  must  be  remem- 
bered that  the  weight  to  be  used  in  the  calculation  is  the 
difference  betwen  the  weight  at  which  the  scale-  balances 
when  the  brake  is  not  applied  and  when  applied. 

63.  It  is  essential  that  Prony  brakes  should  be  well 
lubricated,  and  for  all  except  small  powers,  means  must  be 
provided  for  conducting  away  the  heat  generated  by  friction. 
If  there  are  internal  flanges  on  the  brake  wheel,  water  can 
be  run  on  the  inside  of  the  rim,  the  flanges  serving  to  retain 
the  water  at  the  sides  and  centrifugal  force  to  keep  it  in 
contact  with  the  rim.  A funnel-shaped  scoop  can  be  used 
to  remove  the  water.  It  should  be  attached  to  a pipe  and 
placed  so  as  to  scoop  out  the  water,  which  should  flow  con- 
tinuously. This  arrangement  is  shown  in  Fig.  17. 

64.  A rope  brake,  like  that  in  Fig.  18,  will  give  good 
results.  The  flgure  shows  the  construction  so  clearly  that 
no  description  is  necessary.  To  obtain  the  brake  load,  sub- 
tract the  brake  pull  as  registered  by  the  spring  balance 
from  the  weight.  In  this  case,  the  lever  arm  is  equal  to  the 
radius  of  the  pulley  plus  one-half  the  diameter  of  the  rope, 
expressed  in  feet. 


STEAM  CONSUMPTION. 


CALCULATIONS  RELATING  TO  STEAM  CONSUMPTION. 

65.  The  indicator  diagram  also  enables  us  to  find 
approximately  the  amount  of  steam  consumed  by  the 
engine.  In  referring  to  the  steam  consumption,  it  is  cus- 
tomary to  take  as  a unit  the  steam  consumed  per  horsepoivcr 
per  hour.  It  is  to  be  observed  that  the  expressions  “ steam 
consumption  ” and  “water  consumption  ” when  applied  to  a 
steam  engine  are  synonymous. 

Take  a point  a on  the  expansion  line  before  the  release 
(see  Fig.  19) ; measure  the  pressure  from  the  vacuum  line, 
and  from  column  6 of  the  Steam  Table  find  the  weight  of  a 
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cubic  foot  at  that  pressure.  The  cubic  contents  of  the  cyl- 
inder (including  the  clearance)  up  to  the  point  a multiplied 
by  the  weight  per  cubic  foot,  must  give  the  Aveight  of  steam 
in  the  cylinder  at  this  instant.  This  weight  would  be  the 
steam  consumed  per  stroke  were  it  not  for  two  circum- 
stances. (1)  When  the  fresh  steam  from  the  boiler  enters 
the  cylinder,  it  comes  in  contact  with  the  cylinder  walls, 
which  have  been  cooled  down  by  the  exhaust  steam.  A 


glance  at  the  Steam  Table  shows  that  the  exhaust  steam  is  at 
a great  deal  lower  temperature  than  the  fresh  steam.  Con- 
sequently, part  of  the  incoming  steam  condenses,  and,  of 
course,  the  indicator  diagram  takes  no  account  of  this  con- 
densed steam.  Hence,  the  steam  actually  in  the  cylinder  is 
less  than  originally  entered  from  the  boiler,  because  part  of 
the  original  steam  has  changed  to  water.  (2)  On  account 
of  the  closure  of  the  exhaust  port,  some  steam  is  compressed 
and  saved. 

6(5.  To  find  the  weight  of  the  steam  saved  by  compres- 
sion, take  a point  b on  the  compression  curve,  measure  its 
pressure  from  vacuum  as  before,  and  compute  the  weight 
of  the  steam  in  the  cylinder  up  to  b.  vSubtract  this  from  the 
weight  first  obtained,  and  the  difference  will  be  the  Aveight 


46 


ENGINE  TESTING. 


§25 


of  steam  per  stroke  accounted  for  by  the  indicator.  Mul- 
tiply this  weight  per  stroke  by  the  number  of  strokes  per 
hour  and  divide  by  the  I.  H.  P.  of  the  engine.  The  result 
will  be  the  steam  used  per  I.  H.  P.  per  hour. 

Example. — Fig.  19  represents  an  indicator  diagram  taken  with^  a 
45  spring  from  an  engine  having  an  18"  X 24"  cylinder,  running  at 
120  revolutions  and  developing  180  horsepower.  The  clearance  is  5 per 
cent.  Find  the  steam  consumption  per  I.  H.  P.  per  hour. 

Solution. — Project  the  two  ends  of  the  diagram  perpendicularly 
upon  the  vacuum  line  O /?,  as  at  e and  h ; e h is  then  the  length  of  the 
diagram.  Lay  off  e O equal  to  the  clearance ; that  is,  equal  to  5 per 
cent,  of  e h.  Draw  O Y perpendicular  to  O h.  Take  the  point  a near 
the  point  of  release  and  measure  the  distances  a m and  O in.  Take  the 
point  b somewhere  on  the  compression  line  and  measure  the  distances 
b n and  O n.  The  measurements  are  found  to  be : 

am—  .71  inch; 

O m — 3.17  inches; 
bn—  .6  inch; 

On=  .333  inch. 

The  length  of  the  diagram  = = 3^  inches ; the  length  of  the 

stroke  is  2 feet.  Hence,  each  inch  of  the  length  of  the  diagram  equals 
2 

x-  = .6  foot  of  stroke.  Since  the  scale  of  the  indicator  spring  is  45,  the 

above  measurements  reduced  to  pressures  in  pounds  per  square  inch 
and  feet  of  stroke  become: 

a 111  = .71  X 45  = 31.95  pounds; 

b n=  .6  X 45  = 27  pounds; 

6>;;z  = 3.17  X.6=  1.9  feet; 

On=  .333  x.6=  .2  foot. 
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The  area  of  the  piston  is  18^  X .7854  = 254.47  square  inches  = ' 

144 

= 1.767  square  feet.  Consequently,  the  volume  of  steam  in  the 
cylinder  when  the  piston  is  at  the  point  represented  hy  a is  1.9  X 1.767 
= 3.3573  cubic  feet.  The  volume  when  the  piston  is  at  is  .2  X 1.767 
= .3534  cubic  foot.  The  weight  of  a cubic  foot  of  steam  at  an  absolute 
pressure  of  31.95  pounds  per  square  inch  is  found  from  the  Steam  Table 
to  be  .078723  pound;  and  at  a pressure  of  27  pounds,  the  weight  is 
.067207  pound.  Hence,  the  weight  of  the  steam  in  the  cylinder  is 
.078723  X 3.3573  =:  .264297  pound;  while  the  weight  of  steam  saved  by 
compression  is  .067207  X .3534  = .023751  pound.  The  steam  used  per 
stroke  is,  therefore,  .264297  — .023751  = .240546  pound.  To  find  the 
amount  used  per  I.  H.  P.  per  hour,  multiply  the  weight  used  per  stroke 
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by  the  number  of  strokes  per  hour  and  divide  by  the  I.  H.  P.  There- 
fore, the  required  weight  is 


.240546  X 120  X 2 X 60 
130 


= 26.645  lb. 


Ans. 


67.  Suppose  the  weight  of  the  steam  in  the  cylinder  to 
be  calculated  by  taking  the  point  c near  the  point  of  cut-off. 
c/?  — 1.69  inches  = 1.59  X 45  = 71. 55  pounds ; (9/  = 1^  inches 
=r  I X .6  = .8  foot  of  stroke.  The  volume  of  steam  in  the 
cylinder  when  the  piston  is  at  c is,  therefore,  .8  X 1.7G7 
= 1.4136  cubic  feet.  One  cubic  foot  of  steam  at  the  pres- 
sure of  71.55  pounds,  absolute,  weighs  .168009  pound.  The 
weight  of  the  steam  in  the  cylinder  is,  therefore,  .168009 
X 1.4136  = .237498  pound.  Subtracting  the  steam  saved  by 
compression,  the  steam  used  per  stroke  is  .237498  — .023751 
= .213747  pound,  and  the  steam  per  I.  H.  P.  per  hour  is 


.213747  X 120  X 2 X 60 
130 


= 23.677  pounds. 


Now,  unless  the  valve  leaks,  the  weight  of  the  steam 
when  the  piston  is  at  a can  be  no  greater  than  when  it  is 
at  c,  since  no  fresh  steam  has  been  allowed  to  enter;  but  the 
calculation  shows  that  there  is  .264297  pound  in  the  cylinder 
when  the  piston  is  at  a,  and  only  .237498  pound  when  the 
piston  is  at  c.  This  shows  that  .264297  — .237498  = .026799 
pound  has  been  condensed  to  water  by  the  time  the  piston 
has  arrived  at  c,  but  has  been  re-evaporated  before  the 
piston  arrives  at  a.  Hence,  by  calculating  the  water  con- 
sumption at  cut-off  and  then  at  release,  a good  idea  of  the 
amount  of  cylinder  condensation  may  be  obtained.  If  the 
steam  used  by  the  engine  be  actually  caught  and  weighed 
and  then  compared  with  the  weight  as  calculated  from 
release,  an  idea  may  be  obtained  of  the  amount  of  condensa- 
tion at  release.  The  computed  consumption  is  always  less 
than  the  actual  consumption. 


68.  Where  there  is  a sufficient  amount  of  compression, 
the  work  may  be  simplified  by  taking  the  two  points  a and  b 
at  the  same  height  above  the  vacuum  line,  as  shown  in 
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Fig.  20.  Since  the  absolute  pressure  at  a and  b is  the  same, 
the  clearance  may  be  left  entirely  out  of  account,  and  the 


Fig.  20. 


volume  to  be  used  in  the  computation  will  be  times 

the  volume  of  the  cylinder,  or,  in  other  words,  ^ X length 

of  stroke  X area  of  piston.  When  this  method  is  used,  the 
steam  consumption  may  be  found  directly  from  the  formula 

13,750 /bF 
^ - PL  ^ 

in  which  Q is  the  number  of  pounds  of  steam  consumed  per 
horsepower  per  hour;  IF,  the  weight  of  a cubic  foot  of 
steam  at  the  absolute  pressure  and  the  M.  E.  P. 

Expressing  the  formula  in  words,  we  have  the  following 
rule : 

Kiile  13. — Take  tzvo  points^  one  on  the  expansion  line  and 
one  on  the  eonipression  line,  both  equally  distant  from  the 
vacuum  line.  Find  the  pressure  of  the  steam  at  these  points^ 
and  from  the  Steam  Table  find  the  zueight  of  a cubic  foot  of 
steam  at  that  pressure.  Multiply  this  zveight  by  the  distance 
betzveen  the  tzvo  points  and  by  13,750.  Divide  the  product  by 
the  M.  E.  P.  and  by  the  length  of  the  diagram.  The  result 
zvill  be  the  pounds  of  steam  consumed  per  I.  H.  P.  per  hour, 
as  shozvn  by  the  diagram. 
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Example. — From  a diagram  taken  from  an  18|^"  X 80"  engine,  the 
following  measurements  were  obtained  (see  Fig.  20):  a 7/i  = inch; 
/ =z  3.08  inches;  Z = 3.5  inches;  M.  E.  P.  = 35  pounds;  spring,  45. 
What  is  the  steam  consumption  per  I.  H.  P.  per  hour  ? 

Solution. — The  indicator  diagram  being  taken  with  a 45  spring, 
the  pressure  at  is  45  X -667  = 30  pounds,  absolute.  The  weight  of  a 
cubic  foot  of  steam  at  this  pressure  is  .0742  pound.  Using  rule  12, 


13,750  X 3.08  X .0742 
35  X 3.5 


= 25.65  lb. 


Ans. 


EXAMPLES  FOR  PRACTICE. 

1.  Size  of  engine,  12"x20";  length  of  diagram  Z,  3.4  inches; 

length  /,  2^  inches;  height  am,  f inch;  R.  P.  M.,  230;  spring,  30; 
M.  E.  P.,  18  pounds  per  square  inch.  What  is  the  steam  consumption 
per  I.  H.  P.  per  hour  ? Ans.  25.26  lb.  per  I.  H.  P.  per  hr. 

2.  Size  of  engine,  12"  X 13";  M.  E.  P.,  51.1;  length  of  diagram  Z, 
2.6  inches;  length  /,  1.8  inches;  height  am,  .7  inch;  R.  P.  M.,  350; 
spring,  70.  What  is  the  steam  consumption  per  I.  H.  P.  per  hour  ? 

Ans.  21.92  lb.  per  I.  H.  P.  per  hr. 

3.  If,  in  the  above  engine,  example  2,  the  pressure  at  cut-off  is 
110  pounds,  absolute;  the  clearance  is  8 per  cent.;  the  length  of  the 
diagram  to  the  point  of  cut-off  is  .7  inch;  the  pressure  at  a point  on 
the  compression  curve  is  49  pounds,  absolute,  and  the  distance  of  this 
point  from  the  end  of  the  diagram  is  .14  inch,  what  is  the  steam  con- 
sumption per  I.  H.  P.  per  hour  at  cut-off  ? 

Ans.  19.44  lb.  per  I.  H.  P.  per  hr. 


SIZE  OF  STEAM  E]^(GI:NES. 

69.  The  problem  of  selecting  a size  of  simple  engine 
that  will  develop  a given  indicated  horsepower  is  capable  of 
an  infinite  number  of  correct  solutions,  depending  on  the 
conditions  present.  The  factors  that  determine  the  indi- 
cated horsepower  are  the  mean  effective  pressure,  the  length 
of  stroke,  the  diameter  of  the  piston,  and  the  number  of 
revolutions  per  minute.  Before  the  diameter  of  the  ])iston 
and  the  length  of  stroke,  which  data  constitute  the  size  of 
the  engine,  can  be  determined,  the  boiler  pressure,  point  of 
cut-off,  and  piston  speed  must  be  chosen.  From  the  boiler 
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pressure  and  the  point  of  cut-off  the  mean  effective  pressure 
is  then  estimated  in  the  manner  explained  in  Art.  46.  The 
area  of  the  piston  is  then  given  by  the  following  rule : 

Rule  13. — To  find  the  piston  area  in  square  inches^  multi- 
ply the  indicated  horsepower  by  SSfiOO  and  divide  by  the  prod- 
uce t of  the  mean  effective  pressure  and  the  piston  speed  in  feet 
per  mmute. 


Or, 


_ 33,000//’ 
“ PS  ’ 


where  A = area  of  piston ; 

H — indicated  horsepower; 

P — mean  effective  pressure; 
vS  — piston  speed. 


To  find  the  diameter,  divide  the  result  of  rule  13  by  .7854 
and  extract  the  square  root  of  the  quotient. 

Example. — Find  the  piston  diameter  for  a 25-horsepower  engine 
using  steam  at  70  pounds  gauge  pressure,  cutting  off  at  f stroke,  and  to 
have  a piston  speed  of  300  feet  per  minute.  Engine  is  non-condensing. 

Solution. — By  rule  3,  Art.  4G,  the  mean  effective  pressure  is 
[(70  + 14.7)  X -937  — 17]  X -9  = 56  pounds  per  square  inch.  Applying 
rule  13,  we  get 

. 33,000  X 25  . 

^ M V inches. 


The  corresponding  diameter 


. ,/49.1 
'T?7851  = 


8 in.,  about.  Ans. 


70.  Since  the  piston  speed  is  the  product  of  the  number 
of  strokes  and  the  length  of  stroke,  to  find  the  latter  the 
number  of  strokes  must  be  assumed.  Then,  to  find  the 
length  of  stroke  in  feet,  divide  the  piston  speed  by  the  num- 
ber of  strokes. 


Example. — If  the  engine  in  the  example  given  in  Art.  69  is  to 
make  120  revolutions  per  minute,  what  should  be  the  stroke  in  inches  ? 

Solution. — Stroke  in  feet  = = 1.25  feet,  or  1.25  x 12  = 15  in. 

120  X 2 . 

Ans. 
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EFFICIENCY. 

1.  The  perfect  combustion  of  1 pound  of  good  coal  will 
produce  14,000  B.  T.  U.  and  1 B.  T.  U.  is  equal  to  778  foot- 
pounds. 

The  mechanical  energy  stored  up  in  1 pound  of  good  coal 
is,  therefore,  14,000  X 778  = 10,892,000  foot-pounds.  Redu- 

, . , , , 10,892,000 

cmg  this  to  horsepower  per  hour,  we  have  --  — 

= 0.5  horsepower,  nearly.  This  means  that  if  all  the  heat 
made  available  by  the  burning  of  a pound  of  coal  was  trans^ 
formed  into  work,  it  could  be  done  at  the  rate  of  5.5  horse- 
power per  hour. 

2.  We  know  from  practical  experience  that  1 pound  of 
coal  never  has  produced  5.5  horsepower  per  hour,  about  the 
best  record  ever  having  been  made  giving  1 horsepower  per 
hour  for  1 pound  of  coal.  This  comparison  shows  what  an 
imperfect  apparatus  a steam  engine  really  is  when  considered 
as  a heat  engine. 

3.  We  will  now  endeavor  to  trace  out  what  becomes  of 
all  this  heat  that  is  produced  by  the  combustion  of  the  fuel. 

§ 

For  notice  of  copyright,  see  page  iniinediately  follovving  the  title  page. 
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In  the  first  place,  a very  considerable  part  of  the  heat  pro- 
duced by  the  combustion  of  the  fuel  escapes  in  various 
ways  from  the  boiler,  the  largest  part  of  which  passes  up 
the  stack  with  the  gases  of  combustion.  All  this  heat 
is  not  actually  wasted,  however,  as  a large  part  of  it  is 
necessary  to  produce  draft,  but  it  is  lost  so  far  as  doing 
work  in  the  cylinder  is  concejned.  Then,  the  losses  by  radi- 
ation, blowing  off  with  the  blow-off  valves,  the  safety  valve, 
and  the  gauge-cocks,  and  various  other  small  losses  make 
up  the  total  loss  from  the  boiler. 

This  loss  varies  greatly  in  different  boilers,  but  a 
fair  average  may  be  taken  at  4,000  B.  T.  U.  This  leaves 
10,000  B.  T.  U.  in  the  steam  that  goes  to  the  engine  and 
represents  the  part  of  the  heat  available  for  doing  work  in 
the  cylinder. 

4.  As  each  unit  of  heat  in  the  steam  is  capable  of  doing 
a definite  amount  of  work,  it  is  obvious  that  the  more  heat 
that  is  available  for  this  purpose,  the  greater  the  amount  of 
work  can  be  performed,  and  the  doing  of  this  work  by  the 
steam  is  accompanied  by  a reduction  of  temperature. 
From  this  it  is  easily  seen  that  the  amount  of  work  which 
can  be  done  by  steam  depends  on  the  decrease  in  tem- 
perature. 

5.  According  to  the  now  universally  accepted  theory, 
heat  energy  consists  of  the  motions  of  the  molecules  of  the 
hot  body.  In  order,  therefore,  to  change  into  work  all  the 
heat  energy  contained  in  the  steam,  it  will  be  necessary  to 
take  from  the  steam  all  its  molecular  motion;  in  other 
words,  to  lower  its  temperature  until  its  molecules  will  be  at 
rest. 

From  experiments  it  has  been  concluded  that  the 
temperature  at  which  a body  will  be  in  such  a state 
is  about  4G0°  below  zero,  Fahrenheit.  This  point  is 
called  the  absolute  zero  of  temperature.  Temperatures 
measured  from  this  zero  point  are  called  absolute  tem- 
peratures. 
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Absolute  temperatures  are  obtained  by  adding  400°  to  the 
ordinary  temperature.  That  is, 

Absolute  temperature  ==  ordinary  temperature  400°. 

For  example,  the  ordinary  • temperature  of  steam  at 
atmospheric  pressure  is  212°.  The  absolute  temperature  is 
400  + 212  = 072°.  This  means  that  if  steam  or  other  gas  at 
212°  could  be  cooled  down  072°,  the  molecules  would  cease 
moving  and  there  would  be  no  heat  in  the  body. 

It  is  at  once  evident  that  it  is  impossible  practically  to 
cool  the  steam  leaving  the  engine  cylinder  to  even  approxi- 
mately so  low  a temperature;  long  before  reaching  the 
absolute  zero,  the  steam  would  be  changed  to  ice.  This 
explains  why  it  is  impossible  for  an  engine  to  obtain 
778  foot-pounds  from  each  B.  T.  U.  conveyed  to  it. 

6.  Let  denote  the  absolute  temperature  of  the  steam 
entering  the  engine  cylinder  and  let  represent  the  abso- 
lute temperature  of  the  steam  leaving  the  cylinder.  If  we 
take  the  amount  of  energy  contained  in  the  entering  steam 
as  proportional  to  the  absolute  temperature  T^,  then  it  may 
be  proved  that  the  amount  of  work  extracted  by  the  engine 
is  proportional  to  T^—  T^;  or. 

Useful  work':  total  energy  ::  T^—  T^  \ T^. 

The  efficiency  of  an  engine  is  the  ratio  of  the  useful  work 
to  the  total  energy;  therefore, 

T — T 

Efficiency  = — '-rp — 

The  above  reasoning  may  perhaps  be  made  clearer  by 
comparing  the  temperature  of  steam  to  the  “head”  of  a 
water-power.  If  a source  of  water  is  1,500  feet  above  the  sea 
level,  the  work  or  potential  energy  of  the  water  is  repre- 
sented by  the  head  of  1,500  feet.  But  possibly  the  water- 
wheel to  which  the  water  is  led  is  itself  1,400  feet  or  more 
above  the  sea  level;  in  this  case,  only  100  feet  of  the  1,500 
is  available  head,  and  the  efficiency  of  the  arrangement 
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cannot  exceed  = jK.  Absolute  zero  is  the 

“sea  level”  of  temperature,  but  as  far  as  steam  is  con- 
cerned, it  is  utterly  impossible  to  lower  its  temperature  to 
the  absolute  zero  by  reason  of  its  changing  into  ice  at  32°  F., 
corresponding  to  492°  absolute.  About  the  lowest  tem- 
perature to  which  the  steam  can  be  lowered  in  practice 
is  562°  absolute.  This  temperature  corresponds  to  an  abso- 
lute pressure  of  1 pound,  which  is  probably  the  lowest 
pressure  attainable. 

The  above  expression  for  the  efficiency  applies  equally  well 
to  steam  engines,  hot-air  engines,  gas  engines,  or  any  other 
form  of  heat  engine. 


COXDE^VSATION. 

7.  It  is  plain  that  the  only  two  ways  of  increasing  the 
efficiency  of  the  steam  engine  is  either  to  raise  the  tempera- 
ture Aj  of  the  live  steam  or  to  lower  the  temperature  of 
the  exhaust;  may  be  raised  by  increasing  the  boiler  pres- 
sure; may  be  lowered  by  using  a coiulenser. 

In  non-condensing  engines,  that  is,  engines  that  are  not 
supplied  with  a condenser,  the  steam  is  exhausted  into  the 
atmosphere,  and  therefore  the  exhaust  steam  must  have,  at 
least,  the  pressure  of  the  atmosphere;  in  practice,  the  back 
pressure  of  steam  in  a non-condensing  engine  is  scarcely 
ever  less  than  1(3  pounds  above  vacuum,  and  is  oftener 
17  pounds  or  more.  In  good  condensing  engines  the  back 
pressure  is  often  as  low  as  2 pounds  above  vacuum. 

Suppose  the  boiler  pressure  of  the  steam  is  80  pounds 
absolute  (above  vacuum) ; the  temperature  corresponding 
to  the  pressure  is,  from  the  Steam  Table,  311.9°  F.,  and  the 
absolute  temperature  is,  therefore,  460°  -F  311.9°  = 771.9°  F. 
The  absolute  temperature  corresponding  to  a pressure  of 
17  pounds  is  460°  -f-  219.5°  = 679.5°  F.,  and  corresponding  to 
a pressure  of  3 pounds  is  460°  + 141.7  = 601.7°  F.  The  ther- 

T — T 
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7^1.9  - 679.5 


771.9 

3 pounds  (absolute),  the  efficiency  is 
= 22  per  cent. 


12  per  cent.,  nearly;  if  condensing  to 
r - r 771.9  - 601.7 


f 


771.9 


8.  The  increase  of  economy  by  the  use  of  the  condenser 
may  be  shown  in  another  manner.  Let  A B C D E 
Fig.  1,  be  an  indicator  diagram  from  a non-condensing 


engine.  M N the  atmospheric  line  and  O X the  vacuum 
line.  The  back  pressure,  as  shown  by  the  diagram,  is  O S. 
The  area  of  the  diagram  represents,  to  some  scale,  the  work 
done  per  stroke.  Now  let  a condenser  be  attached  to  the 
engine.  The  back  pressure  will  be  lowered  to  O T,  the 
line  H K,  instead  of  D now  being  the  lower  line  of 

the  diagram,  and  A B C H K L will  be  the  new  diagram, 
its  area,  as  before,  representing  the  work  done  per  stroke. 
Hence,  by  adding  a condenser  to  the  engine,  the  work  per 
stroke  has  been  increased  by  an  amount  represented  by  the 
area  F E D H K Z,  the  steam  consumption  remaining  the 
same.  vSuppose  the  steam  to  be  cut  off  at  a point  P,  making 
the  area  of  the  diagram  A EG  II K L equal  to  the  area  of  the 
original  diagram  A B C D E F.  Then,  the  work  per  stroke  is 
the  same  in  both  engines,  but  the  condensing  engine  uses  an 
amount  of  steam  per  stroke  represented  by  the  length  A J\ 
while  the  non-condensing  engine  uses  an  amount  represented 
by  A B.  Either  case  shows  the  economy  of  the  condenser. 
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THEOHY  OF  THE  COYDE^^SEll. 


FORMATION  OF  VACUUM. 

9.  If  a cubic  inch  of  water  is  converted  into  steam  at  the 
atmospheric  pressure,  it  will  occupy  1,646  cubic  inches  of 
space,  and,  conversely,  if  1,646  cubic  inches  of  steam  at  the 
atmospheric  pressure  are  condensed  into  water,  it  will  occupy 
but  1 cubic  inch  of  space ; hence,  if  a closed  vessel  is  filled 
with  steam  at  the  atmospheric  pressure  and  that  steam  is 
condensed  to  a cubic  inch  of  water,  yfff  of  the  space  will  be 
theoretically  devoid  of  air  or  any  other  known  substance 
and  a perfect  vacuum  would  be  the  result.  This  is  not 
strictly  true  in  practice,  however,  from  the  fact  that  the 
feedwater  of  the  boilers  always  contains  a small  quantity 
of  air,  which  passes  into  the  condenser  with  the  exhaust 
steam  and  is  released  there  when  the  steam  is  condensed; 
more  or  less  air  also  finds  its  way  into  the  condenser  through 
leaks  around  the  piston  rod  and  valve  stems,  and  in  the  case 
of  the  jet  condenser  and  the  induction  condenser,  the  air 
contained  in  the  condensing -water  is  also  released  in  the  con- 
denser under  the  influence  of  the  partial  vacuum.  There  is 
still  another  obstacle  in  the  way  of  producing  a perfect 
vacuum  in  the  condenser,  which  may  be  explained  as  follows: 
Water  in  a vacuum  emits  a certain  amount  of  vapor,  and 
vapor  is  also  formed  in  a jet  condenser  and  in  an  induction 
condenser  by  the  heat  in  the  exhaust  steam  being  imparted 
to  the  condensing  water ; therefore,  if  the  condenser  were 
successively  filled  with  steam  and  the  steam  were  condensed 
at  each  filling,  the  air  and  vapor,  unless  they  were  removed, 
would  accumulate  from  these  various  sources  until  the 
vacuum  would  be  entirely  destroyed. 

10.  Air  and  vapor  differ  from  water  in  that  they  are 
expansible,  while  water  is  not.  To  illustrate  this,  suppose 
that  two  closed  vessels  A and  />,  Fig.  2,  are  filled,  A with 
water  and  B with  air  or  vapor ; now  pump  out,  say,  one-half 
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the  water  in  A,  as  shown  at  C.  The  space  a above  the 
water  is  a vacuum ; but  if  one-half  the  air  or  vapor  in  B is 
pumped  out,  the  air  or 
vapor  will  still  fill  the 
vessel,  but  at  a lower  pres- 
sure. The  air  or  vapor 
will  have  become  atten- 
uated, or  thin,  by  expan- 
sion. In  obedience  to  the 
law  that  the  different 
pressures  of  a gas  are 
inversely  to  their  volume, 
the  pressure  in  D will  be 
just  one-half  what  it  was 
X in  B before  one-half  the 
air  or  vapor  had  been 
withdrawn.  If  the  original  pressure  in  B was  15  pounds 
absolute  per  square  inch,  it  will  now  be  7^  pounds  absolute 
per  square  inch  in  I?,  or  since  7^  pounds  pressure  correspond 
closely  to  15  inches  of  mercury,  we  may  say  that  a vacuum  of 
15  inches  exists,  in  the  vessel.  Should  three-fourths  of  the 
air  and  vapor  in  B be  pumped  out,  the  pressure  will  be  one- 
fourth  the  original  pressure,  that  is,  3f  pounds,  and  15  — 3| 
= 11^  pounds  of  the  pressure  have  been  removed.  Since  a 
vacuum  gauge  indicates  not  the  pressure  that  exists  in  the 
vessel,  but  the  pressure  that  has  been  removed  from  the  vessel, 
counting  from  the  pressure  of  the  atmosphere,  a vacuum 
gauge  would  now  indicate  11^  x 2 = 22|-  inches  of  vacuum, 
nearly,  because  a pressure  of  1 pound  per  square  inch  cor- 
responds very  nearly  to  2 inches  of  mercury  indicated  by 
the  vacuum  gauge. 

11.  The  object  of  ' the  condenser  is  to  remove  a large 
part  of  the  back  pressure  on  the  exhaust  side  of  the  piston 
of  a steam  engine  when  exhausting  into  the  atmosphere, 
which  back  pressure,  obviously,  cannot  be  less  than  the 
pressure  gf  the  atmosphere.  By  making  the  engine  exhaust 
into  a condenser,  the  back  pressure  will  be  lowered  to  the 
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pressure  existing  in  the  condenser,  and,  consequently,  with 
the  pressure  on  the  steam  side  of  the  piston  remaining  the 
same  as  before,  the  net  pressure  on  the  piston  will  be 
increased  by  the  use  of  a condenser.  As  previously  explained, 
air  and  vapor  will  collect  in  the  condenser  and  if  not 
removed  will  destroy  the  vacuum.  To  get  rid  of  this  air 
and  vapor,  the  condenser  is  fitted  with  an  air  pump,  or  is 
provided  with  other  means  by  which  the  air  and  vapor  are 
removed  from  the  condenser  along  with  the  condensed 
steam  and  condensing  water.  This  operation  restores  and 
maintains  a constant  vacuum. 


I.OSSES  IX  COXUEXSIXG  ENGINES. 

12,  A condensing  engine  requires  more  watchful  atten- 
tion on  the  part  of  the  running  engineer  than  an  engine 
exhausting  into  the  atmosphere.  Without  this  extra  atten- 
tion the  condenser  may  be  the  source  of  a positive  loss,  so 
far  as  the  consumption  of  steam  is  concerned.  Leaky  steam 
valves  and  leaky  pistons  are  largely  responsible  for  this  loss. 
Leaks  of  this  nature  are  not  so  easily  detected  in  the  con- 
densing engine  as  they  are  in  the  non-condensing  engine, 
with  which  the  exhaust  steam  is  usually  in  view  as  it  leaves 
the  exhaust  pipe.  A continuous  stream  of  steam  being 
emitted  from  the  exhaust  pipe  indicates  leaky  steam  valves 
or  leaky  piston  or  both;  the  only  sure  way  to  discover  such 
leaks  in  a condensing  engine  is  by  means  of  the  indicator 
card. 

1 3.  There  may  be  another  source  of  loss  in  a condensing 
engine,  when  independent  air  and  circulating  pumps  are 
used,  in  the  extravagant  use  of  steam  in  the  engine  or 
engines  that  operate  these  pumps.  The  steam  cylinders  of 
the  air  and  circulating  pump  should  be  fitted  with  indicator 
gear  and  cards  taken,  and  the  steam  valves  should  be  set 
with  the  same  care  that  is  bestowed  upon  the  main  engine. 
In  large  plants  a considerable  saving  of  steam  may  be 
effected  by  compounding  the  steam  cylinders  of  independent 
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air  and  circulating  pumps,  or  in  the  case  of  multiple-expansion 
engines,  to  lead  the  exhaust  steam  from  the  engines  of  inde- 
pendent air  and  circulating  pumps  into  the  receiver.  By  so 
doing,  the  energy  remaining  in  the  exhaust  steam  may  be 
converted  into  work  in  the  low-pressure  cylinder  of  the  main 
engine. 


CON^STRUCTIO^  OF  CON^DEXSERS. 


CEASSinCATION. 

14.  Condensers  may  be  divided  into  two  general  classes, 
which  are  jet  condensers  and  surface  condensers. 

15.  A jet  condenser  may  be  defined  as  a condenser  in 
which  the  exhaust  steam  and  the  condensing  water  mingle 
and  where  the  steam,  consequently,  is  condensed  by  direct 
contact  with  the  water. 

16.  In  a surface  condenser  the  exhaust  steam  and  the 
condensing  water  do  not  mingle ; the  exhaust  steam  is  con- 
densed by  coming  into  contact  with  metallic  surfaces  that 
are  kept  cool  by  cold  water  constantly  flowing  over  them. 


JET  CONDENSERS. 


TYPES. 

17.  There  are  three  types  of  jet  condensers,  viz. : The 
coninwn  jet  condenser,  the  siphon  condenser,  and  the  induction 
condenser. 


THE  COMMON  JET  C;ONl)ENSER. 

18.  The  common  jet  condenser  consists  of  an  air-tight 
vessel  of  sufficient,  strength  to  sustain  the  pressure  of  the 
atmosphere  from  without.  The  exhaust  steam  flows  into 
this  vessel  from  the  cylinder  after  its  available  energy  has 
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been  spent  in  driving  the  piston  to  the  end  of  its  stroke. 
The  steam  on  entering  the  condenser  is  met  by  a jet  or  spray 
of  water  forced  through  small  apertures  in  a pipe  placed  in 
the  pathway  of  the  incoming  steam.  The  steam  and  spray 
are  thus  mechanically  mixed  and  the  steam,  surrendering 
much  of  its  heat  to  the  sprayed  water,  is  condensed  into 
water,  which  falls  to  the  bottom  of  the  condenser  along  with 
the  injection  water.  From  the  condenser  it  flows  through 
the  foot-valve  into  the  air  pump,  by  which  it  is  pumped  into 
the  hotwell.  So  much  of  the  water  as  may  be  required  for 
feeding  the  boilers  is  taken  from  the  hotwell  by  the  feed- 
pump and  forced  into  the  boilers,  the  remainder  of  the  water 
in  the  hotwell  flows  through  the  discharge  pipe  into  the 
sewer  or  elsewhere. 

19.  The  form  of  a common  jet  condenser  is  immaterial, 
but  it  is  important  that  it  be  placed  so  that  the  water  cannot 
be  drawn  into  the  cylinder  from  it  in  case  of  flooding. 


20.  The  common  jet  condenser  in  its  simplest  form  is 
shown  in  Fig.  3,  in  which  ^ is  a cylindrical  or  rectangular 


vessel  forming 'the  body  of  the  condenser;  B is  the  exhaust 
pipe  from  the  engine  through  which  the  exhaust  steam 
enters  the  condenser;  C is  the  injection  pipe;  is  a per- 
forated enlargement  on  the  end  of  the  injection  pipe,  called 
a rose,  whose  duty  it  is  to  scatter,  or  spray,  the  injection 
water  that  is  forced  into  the  condenser  by  the  pressure  of 
the  atmosphere  on  the  surface  of  the  water  supply  outside. 
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The  spray  coming  into  direct  contact  with  the  incoming 
steam  deprives  the  steam  of  a part  of  its  heat  and  condenses 
it  into  water,  which,  together  with  the  injection  water,  falls 
to  the  bottom  of  the  condenser,  as  shown  at  iC ; F is  the 
injection  valve,  which  regulates  the  flow  of  the  injection 
water  into  the  condenser. 

21.  The  handle  or  wheel  Q of  the  injection  valve  of  a 
jet  condenser  is  always  placed  within  reach  of  the  engineer’s 
station,  as  the  valve  must  either  be  opened  or  closed  at  the 
same  moment  that  the  engine  is,  respectively,  started  or 
stopped ; otherwise  the  condenser  either  will  be  flooded  with 
water  or  else  it  will  get  hot. 

Should  the  condenser  become  flooded  there  is  danger  of 
the  water  being  drawn  into  the  cylinder  and  cause  serious 
damage  by  blowing  out  the  cylinder  head  or  breaking  the 
piston;  besides,  the  condenser  being  full  of  water  when 
flooded,  there  is  no  room  for  the  exhaust  steam  to  enter 
and  a vacuum  cannot  be  formed  until  the  air  pump  clears 
the  condenser  of  its  superfluous  water,  which  will  require 
several  strokes  of  the  bucket  to  accomplish.  On  the  other 
hand,  should  the  condenser  be  deprived,  of  injection  water 
the  incoming  Steam  cannot  be  condensed,  and  it  will  accu- 
mulate in  the  condenser  until  the  pressure  is  equal  to  or 
greater  than  the  pressure  of  the  atmosphere  outside;  the 
condenser  is  then  said  to  be  hot.  When  this  occurs,  the 
injection  water  cannot  be  forced  into  the  condenser  by 
the  pressure  of  the  atmosphere  alone.  To  provide  for  such 
a contingency,  jet  condensers  of  this  type  are  usually  fitted 
with  a water  pipe  connected  with  one  of  the  auxiliary  pumps, 
by  which  cold  water  is  forced  into  the.  condenser  and  a 
vacuum  is  produced  thereby.  This  pipe  is  shown  at  O, 
Fig.  3,  and  is  provided  with  a,  valve  P,  which  should  be 
kept  closed  when  not  in  actual  use,  to  exclude  any  air  that 
might  leak  into  the  condenser  through  the  auxiliary  pump. 
If  no  such  pipe  is  provided,  it  will  be  necessary,  in  case  of 
the  condenser  becoming  hot,  to  deluge  the  outside  of  it  with 
cold  water  from  a hose  or  buckets. 
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22c  A foot-Talve  G is  placed  in  the  channel  way  H 
through  which  the  water  flows  from  the  condenser  into  the 
air  pump;  / is  the  air-pump  barrel;  K is  the  air-i)umi) 
piston,  or  bucket,  as  it  is  commonly  called.  The  bucket  is 
perforated  with  apertures  that  are  fitted  with  flat  valves  a\ 
which  open  upwards;  when  the  bucket  descends  the  valves 
open,  permitting  the  air,  vapor,  and  water  in  the  lower,  or 
receiving,  chamber  of  the  air  pump  to  pass  through  the  open- 
ings in  the  bucket  into  the  barrel  of  the  pump.  The  bucket, 
in  ascending,  forces  the  air,  vapor,  and  water  through  the 
delivery  Amlves  I?,  b'  into  the  liotwell  L.  Whatever 
quantity  of  water  may  be  required  for  boiler  feeding  is 
taken  from  the  hotwell  by  the  feed-pump  through  the 
pipe  M ; the  remainder  of  the  water  in  the  hotwell  runs  off 
through  the  dischargee  pipe  N. 

If  the  injection  water  is  so  impure  as  to  be  unfit  for 
boiler  feedwater,  all  the  water  in  the  hotwell  is  allowed  to 
run  to  waste  and  pure  feedwater  is  supplied  from  another 
source;  this  is  a great  loss  of  heat,  however,  as  the  temper- 
ature of  the  feedwater  must  be  raised  to  at  least  that  of 
the  water  in  the  hotwell  to  make  it  of  equal  value  as  feed- 
water;  to  do  this,  extra  heat  is  required  from  the  fuel,  unless 
the  exhaust  steam  from  the  auxiliary  engines  is  utilized  in  a 
feedwater  heater  for  that  purpose,  in  which  case  the  assist- 
ance of  the  vacuum  is  lost  to  the  auxiliary  engines.  This 
statement  applies  to  all  condensers  in  which  the  injection 
water  comes  in  direct  contact  with  and  is  mixed  with  the 
exhaust  steam. 

23.  While  the  construction  of  a jet  condenser  shown  in 
Fig.  3 is  practically  obsolete  at  present,  it  clearly  shows  all 
the  essential  parts,  and  its  simplicity  renders  its  operation 
easily  understood.  With  this  fundamental  knowledge  of  its 
operation,  it  is  comparatively  easy  to  understand  the  action 
of  later  designs  of  jet  condensers. 

24.  The  jet  condenser  now  generally  used  differs  some- 
what in  form  from  the  one  just  described.  It  occupies  less 
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space  and  the  air  pump  used  in  connection  therewith  is 
usually  a double-acting,  horizontal  pump  operated  by  an 
independent  engine,  but  the  principles  involved  are  practi- 
cally the  same  in  both.  As  an  example  of  this  type  of  con- 
denser a description  of  one  of  this  class  is  given  below. 

In  Fig.  4 is  shown  a section  of  a Worthington  independent 
jet  condenser.  The  cold  water  enters  the  condenser  at 


passes  down  the  spray  pipe  c,  and  is  broken  into  a fine  spray 
by  the  cone  d.  The  exhaust  steam  in  the  meantime  comes 
in  at  and,  mingling  with  the  spray  of  cold  water,  is  rap- 
idly condensed.  The  velocity  of  the  entering  steam  is 
imparted  to  the  water,  and  the  whole  mixture  of  steam, 
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water,  nncondensed  vapor,  apd  air  is  carried  with  a high 
velocity  through  the  cone  f into  the  air-pump  cylinder 
whence  it  is  forced  by  the  pump  through  the  discharge 
pipe/ 

25.  The  above  described  condensing  apparatus  is  oper- 
ated as  follows:  The  air  pump  having  been  started,  a 
vacuum  is  formed  in  the  condenser,  the  exhaust  pipe,  the 
engine  cylinder,  and  injection  pipe;  this  causes  the'injection 
water  to  enter  through  the  injection  pipe  attached  at  b and 
to  flow  through  the  spray  pipe  c into  the  condenser  cone  f. 
The  main  engine  being  then  started,  the  exhaust  steam 
enters  through  the  exhaust  pipe  attached  at  and,  coming 
into  contact  with  the  cold  water,  is  condensed.  The  velocity 
of  the  steam  is  communicated  to  the  water  and  the  whole 
passes  through  the  cone  f and  through  the  receiving 
valves  //,  Ji  into  the  pump  ^ at  a high  velocity,  carrying  with 
it  in  a commingled  condition  all  the  air  and  uncondensable 
vapor  that  enters  the  condenser  with  the  steam.  The  min- 
gled air,  vapor,  and  water  are  expelled  by  the  pump  through 
the  discharge  valves  /,  i and  the  delivery  pipe  at  j before 
suflicient  time  or  space  has  been  allowed  for  separation  to 
occur. 

The  spray  pipe  c has  at  its  lower  end  a number  of  verti- 
cal slits  through  which  the  injection  water  passes  and 
becomes  spread  out  in  thin  sheets.  The  spray  cone  / by 
means  of  its  serrated  surface,  breaks  the  water  passing  over 
it  into  fine  spray  and  thus  insures  a rapid  and  thorough 
admixture  with  the  steam.  This  spray  cone  is  adjustable 
by  means  of  a stem  passing  through  a stufflngbox  at  the 
top  of  the  condenser  and  is  operated  by  the  handle  e. 

20.  Exhaust  steam  from  an  engine  enters  a ‘vacu-um 
with  a velocity  of  about  1,900  feet  per  second,  and  water, 
under  atmospheric  pressure,  with  a velocity  of  47  feet  per 
second. 

In  the  common  jet  condenser,  the  injection  water  and  the 
condensed  steam  fall  to  the  bottom  of  the  condensing  cham- 
ber and  come  to  rest  there  before  entering  the  air  pump; 
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thus  the  momentum  acquired  by  water  rushing  into  a 
vacuum  is  lost;  whereas,  in  the  class  of  jet  condenser  now 
under  consideration,  this  force  is  utilized  to  assist  the  pump 
by  accelerating  the  velocity  of  the  falling  water.  This  is 
accomplished  by  contracting  the  lower  end  of  the  condenser 
cone  into  a neck,  or  throat,  as  shown  at  /,  Fig.  4.  More- 
over, the  air  and  vapor  being  intimately  mixed  with  the 
water,  the  load  on  the  pump  is  more  steady  and  regular 
than  is  the  case  in  the  common  jet  condenser. 

The  danger  of  the  water  working  back  into  the  engine 
cylinder,  in  case  of  flooding,  is  less  with  this  form  of  jet 
condenser  than  with  the  common  jet  condenser. 

. 27.  The  injection  opening  of  a jet  condenser  must  not 
be  more  than  20  feet  above  the  surface  of  the  water  supply, 
and  it  is  highly  important  that  the  injection  pipe  be  entirely 
free  from  air  leaks. 


28.  In  Fig.  5 is  shown  a jet  condenser  in  connection 


with  the  boiler  and  engine.  The  exhaust  pipe  A leads 
directly  to  the  condenser.  The  injection  pipe  /J  draws 
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water  from  the  reservoir  C.  After  the  steam  is  condensed, 
the  mixture  of  exhaust  steam  and  injection  water  is  dis- 
charged through  D into  the  sewer.  A portion  of  this 
discharge,  however,  flows  through  E to  the  feed-pump  G', 
which  forces  it  through  the  coil  in  the  heater  A to  the  pipe// 
leading  to  the  boiler.  The  exhaust  from  the  two  pumps  is 
discharged  into  the  feedwater  heater  through  the  pipe  M. 
It  will  be  noticed  that  water  from  the  overflow  pipe  D 
enters  the  feed-pump  under  a slight  head.  This  is  because 
the  water  is  heated  by  the  exhaust  steam,  and  hot  water 
cannot  be  raised  by  a pump  like  cold  water.  A pipe  N leads 
from  the  boiler  and  supplies  steam  for  both  pumps. 


THE  SIPHON  CONDENSER. 

29.  The  siidioii  condenser  differs  from  the  common  jet 
condenser  in  that  no  air  pump  is  required  to  remove  the  air, 
uncondensed  vapor,  and  water,  but  a circulating  pump  or 
a head  of  water  is  needed  to  supply  the  injection  water  when 
the  lift  is  more  than  20  feet.  The  vacuum  is  generated 
and  maintained  by  a column  of  water  flowing  downwards 
through  a vertical  pipe  of  not  less  than  34  feet  in  length, 
having  its  lower  end  immersed  in  the  water  of  the  hotwell. 

30.  It  will  be  remembered  that  a column  of  mercury 
30  inches  in  height  or  a column  of  water  34  feet  in  height 
will  just  balance  the  atmosphere  at  the  sea  level  when  the 
barometer  stands  at  30  inches,  but  if  an  additional  amount 
of  water  or  mercury  be  allowed  to  enter  the  upper  end  of 
the  water  pipe  or  mercury  tube,  the  equilibrium  between  the 
column  of  water  or  mercury  and  the  column  of  air  outside 
will  be  disturbed,  and  an  amount  of  water  or  mercury  cor- 
responding to  that  allowed  to  enter  at  the  upper  end  of  the 
pipe  or  tube  will  flow  out  at  the  lower  end. 

This  is  the  principle  of  the  siphon  condenser.  So  long  as 
the  proper  amount  of  water  continues  to  flow  into  the  upper 
end  of  the  ])i])e  and  a corresponding  amount  flows  out  at  the 
lower  end,  the  air  and  vapor  in  the  condenser  will  be  carried 
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out  by  the  descending  water  and  a vacuum  will  be  formed 
and  maintained  therein.  If  the  area  of  the  pipe  is  contracted 
into  a neck,  or  throat,  the  velocity  of  the  falling  water  will  be 
accelerated  and  the  action  of  the  condenser  will  be  improved 
thereby. 

It  is  important  that  the  stream  of  injection  water  enter- 
ing the  condenser  should  have  a steady  and  continuous  flow, 


and  there  must  be  no  air  leaks 
in  the  exhaust  pipe  or  con- 
denser. The  siphon  con- 
denser is  often,  but  wrongly, 
called  the  Injector  con- 
denser. 

31.  An  illustration  and  a 
description  of  an  example  of 
this  type  of  condenser,  known 
as  the  Baragwanatli  con- 
denser, is  here  given. 

Fig.  6 represents  a sec- 
tional view,  in  which  a is  the 
exhaust  pipe;  b is  the  injec- 
tion pipe;  d is  the  long  dis- 
charge pipe,  or  tail-pipe,  and 
e is  the  hotwell.  The  oper- 
ation of  this  condenser  is  as 
follows:  The  steam  enters 
through  the  exhaust  pipe  a 
and  flows  through  the  ex- 
haust nozzle  f into  the  con- 
densing chamber  g.  Here  it 
is  met  and  condensed  by  the 
injection  water  that  enters 
from  the  water-jacket  h into 
the  condenser  in  a thin 
conical  sheet,  flowing  through 
the  annular  opening  between 
the  exhaust  nozzle /"and  the 


Fig.  6. 
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prolongation  of  the  shell  of  the  condenser  forming  the 
inverted  cone  i.  A vacuum  is  now  formed  in  the  condensing 
chamber  g by  the  condensation  of  the  steam  and  by  the 
air  and  uncondensed  vapor  being  entrapped  and  carried 
out  of  the  chamber  by  the  cylindrical  stream  of  water. 
The  injection  water  and  the  water  of  condensation  flow 
from  the  condensing  chamber  g down  through  the  throat  j 
with  such  velocity  as  to  carry  with  them  the  air  and  vapor 
that  passed  over  with  the  steam  and  the  injection  water. 

The  exhaust  nozzle  f is  adjusted  by  means  of  the  wheel 
and  screw  spindle  and  can  be  set  so  as  to  admit  just  the 
right  quantity  of  injection  water.  An  automatic  atmos- 
pheric relief  valve  / is  fitted  for  the  purpose  of  discharging 
any  excessive  accumulation  of  air,  steam,  or  vapor  that 
may  collect  in  the  exhaust  pipe  into  the  atmosphere.  A hot- 
well  overflow  or  discharge  pipe  ni  is  always  fitted  to  the 
hotwell. 

Although  the  condenser  is  placed  at  a height  of  34  feet 
above  the  hotwell,  the  vacuum  assists  the  circulating  pump 
in  a proportionate  degree,  so  that  with  a vacuum  of  241- 
inches  the  actual  height  that  the  water  is  forced  by  the 
pump  is  but  7 feet. 

32.  It  is  .sometimes  the  practice  with  this  type  of  con- 
denser to  place  a tank  about  15  feet  below  the  condenser 
from  which  the  injection  water  is  forced  into  the  condenser 
by  the  pressure  of  the  atmosphere  upon  the  surface  of  the 
water  in  the  tank,  or  siphoned  as  it  is  termed.  The  tank 
is  supplied  with  water  by  an  ordinary  tank  pump  or  from 
the  street  main.  This  arrangement  has  two  advantages, 
viz. ; (1)  It  insures  a steady  flow  of  water  into  the  condensing 
chamber,  which  is  an  important  consideration,  and  (2)  a 
lower  priced  circulating  pump  may  be  used.  In  this  case, 
however,  there  niust  be  a cross-pipe  connection  between  the 
injection  pipe  and  the  discharge  pipe  at  the  water-supply 
level,  for  the  purpose  of  charging  the  siphon  and  generating 
a vacuum  in  the  condenser.  This  is  done  by  opening  the 
valve  in  the  cross-pipe  connection  and  admitting  water  to 
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the  discharge  pipe;  the  water  in  falling  down  the  discharge 
pipe  draws  the  air  from  the  condensing  chamber  and  a par- 
tial vacuum  is  formed,  which  induces  the  injection  water  to 
enter.  As  soon  as  the  siphoning  action  through  the  con- 
denser is  established,  the  valve  in  the  cross-pipe  connection 
is  closed. 

33.  If  the  level 'of  the  injection-water  supply  is  not 
more  than  20  feet  below  the  injection  inlet  to  the  condenser, 
the  water  will  be  siphoned  over  as  soon  as  a vacuum  is 
formed,  and  a circulating  pump  may  then  be  dispensed 
with. 


34,  The  flow  of  water,  impelled  by  the  incoming  steam 
and  by  its  own  gravity,  pours  through  the  throat  j con- 
tinuously in  one  direction  and  with  such  high  velocity  that 
the  possibility  of  the  condenser  becoming  flooded  and  the 
water  working  back  into  the  engine  cylinder  is  very  small. 

The  exhaust  nozzle  being  adjustable  admits  of  close 
regulation  of  the  injection-water  supply,  which  still  main- 
tains the  conical  form  of  the  stream  of  water  as  it  enters 
the  condensing  chamber  and  exposes  the  same  area  of  con- 
densing surface;  even  when  nearly  shut  off  there  are  no 
bare  spots  on  the  sides  of  the  condenser,  the  conical  sheet 
of  water  simply  being  made  thinner. 


THE  IXDUCTIOX  COXDEXSER. 

35.  The  operation  of  the  induction  condenser  is  based 
on  the  same  principle  as  that  of  the  steam  injector,  used  so 
largely  for  boiler  feeding,  and  it  may  properly  be  called  an 
injector  condenser,  although  it  is  not  given  this  name  by 
the  trade. 

Fig.  7 represents  a partial  sectional  view  of  a condensing 
apparatus  of  this  type.  It  is  known  as  the  Kortin^i:  uni- 
versal exlianst  steam  induction  condensei*  and  is  manu- 
factured by  L.  Schutte  & Co.,  Philadelphia,  Pennsylvania. 


Fig.  7. 
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Referring  to  the  figure,  the  exhaust  steam  enters  at 
and  after  passing  through  the  balanced  horizontal  check- 
valve  b enters  the  water  chamber  c ; it  then  passes  through  the 
inclined  openings  in  the  tube  d into  the  condensing  chamber 
where  it  is  met  by  the  injection  water  and  is  condensed, 
forming  a partial  vacuum — the  condenser  having  first  been 
started  by  a supplementary  jet  of  steam  or  stream  of  water — 
as  will  be  explained  hereafter.  The  vacuum  in  the  chamber  e 
induces  the  injection  water  to  be  siphoned  into  the  con- 
denser from  the  supply  reservoir  f through  the  injection 
pipe  g and  the  strainer  //,  from  whence  it  flows  into  the 
annular  space  i around  the  ram  passing  into  the  condens- 
ing charriber  e through  the  annular  opening  where  it 
meets  the  exhaust  steam,  which  is  then  condensed.  Here 
the  injection  water  and  the  water  of  condensation  intermingle 
and  with  the  air  and  vapor  are  carried  down  the  discharge 
pipe  / into  the  hotwell  m,  the  surplus  water  flowing  into  the 
sewer  n. 

36.  To  obtain  the  best  results  under  the  varying  quan- 
tities of  steam  it  may  be  called  upon  to  handle,  this 
condenser  requires  that  it  shall  be  adjustable.  This  is 
accomplished  by  the  ram  j being  made  tapering  and  capable 
of  being  raised  and  lowered  at  will,  which  operation  varies 
the  size  and  capacity  of  the  annular  opening  k and  controls 
the  volume  of  water  admitted  to  the  condensing  chamber  e. 
The  ram  is  adjusted  by  the  hand  wheel  o acting  through  a 
rack  and  pinion.  The  area  of  opening  required  by  the 
steam  that  enters  the  condenser  is  regulated  by  the  sleeve /, 
which  covers  more  or  less  of  the  openings  in  the  tube 

as  may  be  required.  This  sleeve  is  raised  or  lowered  by  the 
hand  wheel  which  also  acts  through  a rack  and  pinion. 
It  will  be  observed  that  this  apparatus  is  capable  of  very 
fine  adjustment. 

37.  Like  all  condensers,  this  one  requires  a valve  that 
opens  into  the  atmosphere  to  relieve  it  of  any  accumula- 
tion of  steam,  air,  or  vapor  that  may  collect  in  it.  This  is 
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provided  in  the  automatic  free  exhaust  valve  r.  This 
valve  closes  automatically  when  the  condenser  contains  a 
vacuum  and  opens  automatically  when  the  vacuum  is 
destroyed.  It  is  fitte'd  with  a piston  .y  to  prevent  the 
valve  hammering.  If  it  should  become  necessary  or  desirable 
to  cut  the  condensing  apparatus  out  of  service  and  to  run 
the  engine  non-condensing,  the  free  exhaust  valve  may  be 
locked  open  by  turning  the  hand  lever  t to  the  left. 

The  operation  of  the  check-valve  b is  as  follows:  The 
inclined  suspension  bar  u has  a tendency  to  open  the  valve, 
while  the  inclined  supporting  bar  v has  a tendency  to  close 
it.  Thus  the  valve  is  balanced  by  its  own  weight,  which  is 
so  distributed  that  there  is  always  a slight  excess  of  clo- 
sing tendency.  The  object  of  this  valve  is  to  prevent  the 
water  in  the  condenser  being  siphoned  back  into  the  steam 
cylinder. 

38.  When  the  injection  water  is  supplied  to  the  con- 
denser under  pressure,  as  from  an  elevated  tank  or  from  the 
street  main,  instead  of  being  siphoned  up,  the  openings  zv 
and  X are  blanked. 

When  the  injection  water  is  siphoned  into  the  condenser 
and  Avater  under  pressure  is  used  for  starting,  the  starting 
water  enters  at  the  opening  zv  and  the  opening  ,r  is 
blanked. 

When  the  injection  water  is  taken  under  high  suction  and 
steam  is  used  for  starting,  the  steam  enters  through  the 
opening  zv,  a check-valve  is  attached  at  the  opening  ar,  and 
an  overflow  pipe  is  connected  Avith  the  check-valve  to  dis- 
charge free  or  into  the  discharge  pipe  /. 

39.  It  Avill  be  noted  that  this  condensing  apparatus 
requires  neither  air  pump,  circulating  pump,  nor  tail-pipe, 
as  is  the  case  Avith  the  siphon  condenser;  therefore,  all  the 
poAver  that  is  gained  by  Avorking  the  engine  condensing  is 
made  availal)le  for  useful  Avork,  instead  of  being  offset  by 
the  pOAver  required  to  AVork  the  air  and  circulating  pumps, 
as  in  other  types  of  condensers. 
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SURFACE  CONDENSERS. 


PURPOSE. 

40.  When  the  injection  water  is  so  impure  as  to  be  unfit 
for  feedwater,  the  condensed  exhaust  steam  may  be  saved 
for  feeding  purposes  by  keeping  it  separate  from  the  injec- 
tion water.  It  is  the  purpose  of  the  surface  condenser  to 
do  this. 

The  surface  condenser  differs  from  the  jet  condenser  in 
that  the  steam  is  condensed  by  coming  into  contact  with 
the  cold  surfaces  of  numerous  tubes  through  which  cold 
water  is  being  pumped,  instead  of  coming  into  direct  con- 
tact with  the  injection  water.  In  this  way  the  water  of 
condensation  and  the  circulating,  or  injection,  water,  are 
kept  entirely  apart,  which  permits  the  water  of  condensa- 
tion to  be  used  as  boiler  feedwater.  Condensed  steam  is 
pure  water,  therefore  it  is  in  the  best  possible  condition  for 
feedwater. 


PUMPS  REQUIRED. 

41.  The  surface  condenser  requires  two  pumps,  viz., 
an  air  pump  and  a circulating  pump.  The  duty  of  the  cir- 
culating pump  is  to  force  the  injection  water  through  the 
tubes  of  the  condenser;  the  air  pump  removes  the  air,  vapor, 
and  water  of  condensation  from  the  condenser.  There 
being  two  pumps  connected  with  the  surface  condenser  to 
do  the  work  that  is  performed  by  one  pump  in  the  case  of 
the  jet  condenser,  they  can  be  much  smaller  than  when 
only  one  pump  is  used. 


ADVANTAGES. 

43.  Though  the  surface  condenser  is  more  complicated, 
its  first  cost  greater,  and  it  requires  more  attention  on  the 
part  of  the  attending  engineer  than  does  the  jet  condenser, 
the  value  of  pure  feedwater  for  the  boilers  more  than  com- 
pensates for  these  disadvantages.  It  is  far  better  to  keep 
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impurities  out  of  the  boilers  entirely  than  to  dose  them  with 
patent  compounds,  chemicals,  kerosene  oil,  etc.,  or  to  allow 
the  impurities  to  accumulate  in  the  boilers  in  the  form  of 
scale,  mud,  etc.  to  the  great  detriment  of  the  boilers,  incur- 
ring loss  of  fuel  and  time  and  the  expense  of  scaling  and 
cleaning  them. 


CONSTRUCTIO?^^. 

43.  Construction  of  the  Condenser. — Fig.  8 repre- 
sents a sectional  view  of  a surface  condenser,  without  the 


pumps.  The  body  of  the  condenser  is  an  air-tight  vessel  of 
either  cylindrical  or  rectangular  form,  it  matters  not  which. 
The  exhaust  pipe  from  the  engine  is  connected  at  a.  The 
steam,  on  entering  the  condenser,  strikes  the  perforated  scat- 
tering plate  which  distributes  the  steam  over  the  tubes  more 
evenly  than  otherwise  would  be  the  case,  and  it  also  protects 
the  upper  tubes  from  the  damaging  effects  of  the  exhaust 
steam.  The  steam  then  circulates  around  the  tubes  of  the 
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upper  nest  of  tubes  c.  The  instant  the  steam  comes  into 
contact  with  the  cold  surfaces  of  the  tubes  it  is  condensed 
into  water,  which  falls  in  the  form  of  rain  upon  the  lower 
tubes  <'/,  around  which  it  circulates,  and  is  further  cooled  as 
it  falls  to  the  bottom  of  the  condensing  chamber  and  flows 
out  of  the  nozzle  e to  the  air  pump. 

The  injection  water  passes  from  the  circulating  pump 
through  a pipe  attached  at  f to  the  receiving  chamber  g\ 
it  is  here  impeded  in  its  course  by  the  division  plate  /^, 
which  deflects  the  water  into  the  lower  tubes  through 
which  it  passes  to  the  water  chamber  i at  the  opposite  end 
of  the  condenser;  from  thence  it  returns  through  the  upper 
tubes  c into  the  delivery  chamber  j and  then  out  of  the 
discharge  nozzle  k.  An  automatic  atmospheric  relief  valve, 
sometimes  called  the  sniftini^  waive,  is  shown  at  /.  This 
valve  opens  outwardly  and  is  for  the  purpose  of  relieving 
the  condenser  of  any  excess  of  steam,  air,  or  vapor  that  may 
accumulate  within  it.  It  would  also  be  useful  in  the  event 
of  the  breaking  down  of  the  air  pump  or  of  its  becoming 
inoperative  from  any  cause,  as  the  engine  could  then  be  run 
non-condensing  by  exhausting  through  this  valve  into  the 
atmosphere. 

44,  Making  I7p  for  Doss  of  Water.  — Part  of  the 
steam  that  is  generated  in  the  boilers  is  lost  in  various  ways, 
such  as  blowing  off  with  the  safety  valve,  opening  the  gauge- 
cocks,  and  blowing  the  whistle,  also  through  the  cylinder 
and  other  drain  cocks,  by  leakage,  etc.  ; therefore,  after 
all  the  exhaust  steam  from  the  engine  is  condensed  into 
water  there  will  not  be  enough  of  it  to  keep  up  the  supply 
of  feedwater;  this  deficiency  is  sometimes  made  up  by 
drawing  a corresponding  amount  of  water  from  the 
circulating  side  of  the  condenser.  For  this  purpose  a 
U-shaped  by-pass  pipe  is  fitted  around  one  of  the  tube-sheets 
and  provided  with  a cock  or  valve;  this  allows  a communi- 
cation to  be  opened  up  between  the  steam  and  water  sides 
of  the  condenser;  the  openings  for  this  pipe  are  shown 
at  0 and  p. 
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45.  Though  it  is  sometimes  necessary  to  make  up  the 
deficiency  of  feedwater  from  the  injection  supply,  it  is 
objectionable  to  do  so,  for  the  reason  that,  sooner  or  later, 
the  water  in  the  boilers  will  become  almost  as  impure  as  if 
injection  water  only  had  been  used  as  feedv/ater,  and  the 
object  of  the  surface  condenser  will  be  defeated.  It  will 
then  be  necessary  to  blow  off  some  of  the  very  impure  water 
from  the  boilers  and  to  replace  it  with  a corresponding 
amount  that  is  less  impure.  This  will  cause  a serious  loss 
of  heat,  as  the  water  blown  out  has  already  been  heated  to 
the  temperature  corresponding  to  the  pressure  of  steam 
carried,  while  the  water  pumped  in  to  take  its  place  must 
also  be  heated  to  the  same  temperature  before  it  will  be  in 
the  proper  condition  to  be  converted  into  steam.  To 
prevent  this  loss,  it  is  best  to  make  up  the  loss  of  water  with 
purified  water  or  with  distilled  water,  if  circumstances 
permit  this  to  be  done. 

40.  Effects  of  Grease.  — In  course  of  time  the  tubes  of 
a surface  condenser  become  coated  with  grease  on  the  steam 
side,  carried  over  from  the  cylinder  by  the  exhaust  steam. 
Grease  being  a non-conductor  of  heat,  the  efficiency  of  the 
condenser  is  seriously  impaired  when  the  tubes  are  thickly 
coated  with  it,  and  to  restore  its  usefulness  the  grease 
must  be  removed.  This  was  comparatively  an  easy  matter 
when  animal  or  vegetable  oils  only  were  used  for  lubricating 
the  pistons.  The  condenser  was  fitted  with  a special  cock, 
called  variously  an  impermeator,  alkali  cock,  or  soda 
cock,  by  which  caustic  soda  or  caustic  potash  were  injected 
into  the  steam  side  of  the  condenser  upon  the  grease-covered 
tubes.  The  alkali  coming  into  contact  with  the  grease 
converted  it  into  soap,  saponifying  it,  so  to  speak.  The 
soap,  being  soluble,  would  be  dissolved  and  washed  out 
through  the  drain  cock.  This  operation  was  assisted  and 
hastened  by  having  a small  live-steam  pipe  enter  the  con- 
denser near  the  bottom.  The  steam  side  of  the  condenser 
being  filled  with  clean  water  up  to  and  covering  the  top  row 
of  tubes  and  the  alkali  introduced,  steam  was  let  into  the 
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condenser  through  the  small  pipe  until  the  water  boiled. 
This  was  called  boiling  out  the  condenser  and  it  was  a very- 
efficient  way  to  get  rid  of  the  grease.  But  since  mineral 
oils  have  almost  entirely  superseded  animal  and  vegetable 
oils  for  cylinder  lubrication,  the  boiling-out  process  is  no 
longer  feasible,  because  alkalies  have  no  effect  upon  mineral 
oils;  therefore,  the  grease  deposited  upon  the  condenser 
tubes  from  mineral  oils  must  be  removed  by  hand.  In 
order  to  be  able  to  clean  out  a surface  condenser  by  hand, 
the  tubes  must  be  removed.  In  drawing  the  tubes,  the 
greater  part  of  the  grease  is  stripped  off  the  tubes  by  the 
tube-sheet;  this  necessitates  a man  going  inside  the  con- 
denser to  scrape  the  grease  off  the  tube-sheet.  Man- 
holes m and  Fig.  8,  are  provided  for  this  purpose. 

47.  It  is  not  an  easy  task  to  clean  out  a surface  con- 
denser having  several  thousand  tubes;  it  is  one  of  the  most 
disagreeable  duties  a practical  engineer  has  to  perform. 
This  grease  is  very  sticky,  resembling  tar,  and  is  very  diffi- 
cult to  remove  not  only  from  the  tubes  and  tube-sh-eets,  but 
also  from  the  skin  and  clothing  of  the  operator.  It  can 
generally  be  softened  by  a liberal  application  of  kerosene 
oil  or  gasoline,  which  facilitates  its  removal.  If  gasoline  is 
used,  it  must  be  remembered  that  the  vapor  given  off  is 
highly  inflammable,  and  hence  no  naked  light  should  be  used 
near  the  condenser. 

48.  In  view  of  the  loss  of  efficiency  in  the  condenser 
and  the  loss  of  time  and  the  labor  of  cleaning  out  the 
grease,  it  is  most  desirable  that  the  grease  should  be  kept 
out  of  the  condenser.  This  may  be  accomplished  by  introdu- 
cing an  efficient  grease  extractor  in  the  exhaust  pipe.  The 
grease  extractor  is  an  apparatus  that  is  coming  largely  into 
use  and  which  contributes  greatly  towards  keeping  condensers 
and  boilers  free  from  grease.  It  should  be  found  in  every 
well-equipped  condensing  steam  plant  as  a matter  of  economy. 

49.  Tlie  l)oiil>le-Tube  Siirfiice  Condenser. — Another 
form  of  surface  copdenser  that  is  now  extensively  used  is 
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the  Wheeler  clouhle-tube  surface  condenser,  which  is 
manufactured  by  the  Wheeler  Condenser  and  Engineering 
Company,  of  New  York  City. 


Fig.  9. 

Fig.  9 is  a perspective  view  and  Fig.  10  a sectional  view 
of  the  same.  The  injection  water  enters  at  Fig.  9,  and 


is  forced  by  the  circulating  pump  (1,  Fig.  10,  into  the  inlet  C 
of  the  condenser.  From  C the  water  is  forced  into  the 
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chamber  F and  flows,  as  indicated  by  the  arrows,  through 
the  inner  tubes  of  the  lower  nest  of  double  tubing  to  the 
left.  Having  passed  through  their  entire  length,  the  water 
returns  through  the  annular  space  between  the  outside  of 
the  inner  tubes  and  the  inside  of  the  outer  tubes  into  the 
chamber  G.  Fig.  11  shows  more  clearly  the  arrangement  of 
this  double  tubing.  From  (S’,  Fig.  10,  the  circulating  water 
passes  through  E to  H and  from  H to  I through  the  upper 


nest  of  double  tubing,  as  has  already  been  explained. 
From  / it  is  discharged  through  the  nozzle  D,  carrying 
with  it  all  the  heat  it  has  taken  from  the  exhaust  steam 
while  passing  through  the  two  nests  of  double  tubing. 

The  nozzle  A is  connected  with  the  exhaust  pipe  of  the 
steam  cylinder  of  the  engine.  The  movement  of  the  air- 
pump  piston  O draws  the  air,  vapor,  and  water  of  conden- 
sation out  of  the  condenser  through  the  opening  J3  and  dis- 
charges them  through  the  valves  V , V and  nozzle  K in 
the  manner  indicated  by  the  arrows. 

The  valves  S'  and  V are  opened  and  closed  automatically 
by  the  pressure  of  the  air  beneath  them  and  by  the  pressure 
of  the  air  and  springs  above  them.  A partial  vacuum  is 
generated  in  the  condenser  Y by  the  air  pump  drawing  the 
exhaust  steam  from  the  engine  cylinder  into  the  condenser, 
where  it  is  condensed  and  a normal  vacuum  formed. 

As  the  exhaust  steam  enters  the  condenser  through  the 
nozzle  A,  it  first  comes  into  contact  with  the  perforated 
scattering  plate  A,  which  distributes  the  steam  over  the 
tubes  and  also  protects  the  upper  rows  of  tubes  from  the 
damaging  effects  of  direct  contact  with  the  exhaust  steam. 
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The  steam  then  comes  into  contact  with  the  cold  tubes 
through  which  the.  cold  circulating  water  is  being  pumped 
and  is  immediately  condensed.  As  soon  as  this  occurs,  the 
water  of  condensation  collects  at  the  bottom  of  the  con- 
denser and  flows  through  the  opening  i?  into  the  air-pump 
barrel,  from  which  it  is  discharged  by  the  piston  of  the  air 
pump  through  the  nozzle  /C  into  the  hotwell  or  feed  tank. 

In  this  condenser  the  air  and  circulating  pumps  are  oper- 
ated by  the  independent  steam  cylinder  A.  The  tubes  of 
this  condenser  are  secured  to  the  tube-sheet  at  one  end  only 
and  are  free  to  expand  and  contract  without  danger  of 
injury,  rendering  tube  packing  unnecessary. 


DETAILS  OF  SURFACE  CONDENSERS. 

50.  Condenser  Tubes. — The  latest  practice  regarding 
condenser  tubes  is  to  make  them  of  a composition  consisting 
of  copper,  70  per  cent. ; zinc,  29  per  cent. ; tin,  1 per  cent. 
They  are  | inch  outside  diameter.  No.  18  B.  W.  G.  in -thick- 
ness, and  are  spaced  inch  between  centers.  They  should 
be  carefully  tinned  within  and  without,  and  when  they  are 
6 feet  or  over  in  length,  they  should  be  supported  by  one  or 
more  supporting  plates.  The  tube-sheet  should  be  1 inch 
thick  and  made  of  the  same  composition  as  the  tubes,  with 
smoothly  flnished  holes  for  the  tubes  and  proper  means 
provided  for  packing  them. 

51.  Condenser-Tiibe  Packing. — There  is  a number  of 
methods  of  packing  condenser  tubes.  The  one  generally 
used  at  the  present  time  is  shown  in  Fig.  12,  in  which  a 
represents  a part  of  the  tube-sheet  in  section;  r is  a screw 
gland  that  screws  down  on  the  packing  d.  The  packing 
may  be  either  cotton  tape,  cotton  lamp  wicking,  or  a rubber 
ring.  The  screw  glands  are  counterbored,  forming  the 
shoulder  e,  the  purpose  of  which  is  to  prevent  the  tubes 
crawling;  the  glands  are  slotted,  as  shown  at  to  admit  a 
tool  for  screwing  up. 
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53.  Supporting  Comleiiser  Tubes. — Condenser  tubes 
are  subjected  to  great  changes  in  temperature  and,  in  con- 
sequence, to  extremes  of  expansion  and  contraction.  If 
they  were  rigidly  fixed  in  both  tube-sheets,  they  would 
become  warped,  bent,  and  distorted,  and  would  thereby  soon 
be  destroyed;  hence  the  necessity  of  giving  them  end  play. 


But  the  end  play  must  be  restricted,  else  the  tubes  will  crawl 
by  successive  expansion  and  contraction  until  they  become 
detached  from  either  one  or  the  other  tube-sheet;  this  is 
obviated  by  the  shoulder  e in  the  gland.  The  space  between 
the  end  of  the  tube  and  the  shoulder  is  provided  to  give  the 
tube  room  to  expand  or  for  the  end  play  mentioned  above. 


LEAKAGE  OF  SURFACE  COKDEKSERS. 

53.  Water  Teaks. — Owing  to  unequal  expansion  and 
contraction,  the  tubes  of  a surface  condenser  are  subjected  to 
very  severe  strains,  and  it  is  quite  a common  occurrence  for 
them  to  split,  causing  leaks  which  if  permitted  to  continue, 
will  defeat  the  object  of  the  surface  condenser  by  admitting 
the  injection  water  through  the  leaks  to  the  steam  side.  The 
tube  packing  also  will  give  out  in  time,  which  is  another 
source  of  leakage.  A serious  leakage  may  make  itself  known 
by  a noticeable  increase  in  the  feedwater,  but  these  derange- 
ments must  be  looked  for  and  the  condenser  tested  for  leaks 
occasionally  or  whenever  the  engineer  in  charge  has  reasons 
to  believe  it  to  be  necessary.  The  test  is  made  by  removing 
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the  condenser  bonnets  and  filling  the  steam  side  of  the  con- 
denser with  water;  both  ends  of  every  tube  should  then  be 
carefully  examined.  If  water  flows  from  any  of  the  tubes,  it 
proves  that  those  tubes  are  split,  and  they  should  be  drawn 
out  at  once  and  new  tubes  inserted.  If  the  time  cannot  be 
spared  just  then  to  put  in  new  tubes,  the  leaky  ones  may  be 
plugged  up  at  both  ends  with  dry  white-pine  plugs,  as  a 
temporary  repair ; but  it  is  always  best  to  make  a permanent 
repair  whenever  possible.  Defective  tube  packing  should  be 
looked  for  at  this  time  and  any  packing  that  leaks  should 
be  renewed. 

54.  Air  Eeaks. — Air  leaks  in  a condenser  will  be  revealed 
by  the  vacuum  falling,  all  other  conditions  being  right. 
They  can  generally  be  traced  by  the  whistling  sound  the  air 
makes  while  being  drawn  into  the  condenser  or  they  may  be 
located  by  holding  a lighted  candle  along  the  joints;  the 
flame  will  be  drawn  inwardly  at  the  leak.  An  air  leak  in  a 
condenser  can  usually  be  stopped  by  setting  up  on  the  nuts 
of  the  bonnet  or  gland;  if  this  does  not  stop  the  leak,  plaster 
it  over  with  red-lead  putty  containing  a small  proportion 
of  litharge;  this  cement  will  harden  in  a short  time  and 
effectually  stop  the  leak. 


GALVANIC  ACTION  IN  SURFACE  CONDENSERS. 

55.  One  of  the  impurities  frequently  found  in  water  is 
sulphuric  acid.  This  acid  is  derived  from  the  decomposi- 
tion of  iron  and  copper  pyrites  (sulphurets  of  iron  and  cop- 
per), which  are  widely  distributed  throughout  the  earth, 
especially  in  mineral  regions.  The  sulphuric  acid — in  con- 
nection with  the  copper  in  the  condenser  tubes  and  the  iron 
of  the  condenser  casing,  feedpipes,  and  boilers — completes  a 
galvanic  battery,  which  sets  up  a galvanic  current  that 
attacks  the  iron  or  steel,  causing  rapid  corrosion  that  is 
especially  injurious  to  the  boilers.  To  arrest  the  genera- 
tion of  this  galvanic  current,  the  condenser  tubes  are  tinned 
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both  inside  and  outside.  The  coating  of  tin  prevents  the 
acidulated  water  from  coming  into  direct  contact  with  the 
copper  in  the  tubes. 

56.  As  a further  precaution  against  the  deteriorating 
effects  of  galvanic  action,  plates  of  zinc  are  often  suspended 
in  the  air-pump  channel  ways  and  in  the  hotwell  or  feed 
tank.  The  galvanic  current  attacks  the  zinc  in  preference 
to  the  iron  or  steel  of  the  boilers  and  its  destructive  energy 
is  expended  in  disintegrating  the  zinc.  The  zinc  plates 
being  gradually  destroyed,  it  is  evident  that  they  must  be 
renewed  occasionally. 

The  metal  straps  by  which  the  zinc  plates  are  suspended 
should  be  filed  bright  where  in  contact  with  the  zinc  and  in 
contact  wdth  the  metal  from  which  they  are  suspended. 
After  the  straps  are  bolted  in  place,  the  outside  of  the  joints 
should  be  made  water-tight  by  covering  them  with  paint  or 
cement  to  insure  a good  electrical  contact. 

The  zinc  plates  are  enclosed  in  wire  baskets  to  prevent 
the  larger  particles  of  zinc  that  become  detached  from  the 
plates  during  the  progress  of  disintegration  being  carried 
into  the  boilers  and  lost  by  being  blown  out  through  the 
bottom  blow. 


COXDE^^^SER  ACCESSORIES. 


COOIilNG  TOWERS. 


INTRODUCTION. 

57.  The  great  economy  of  using  a condenser  in  connec- 
tion with  the  steam  engine  has  become  so  generally  recog- 
nized by  steam  users,  as  it  has  been  by  engineers  from  the 
time  of  Watt,  that  it  has  been  found  desirable,  as  well  as 
feasible,  to  install  them  in  localities  w^here  the  water  sup- 
ply is  inadequate  to  operate  a condensing  apparatus  in  the 
ordinary  manner.  This  demand  has  called  into  existence 
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various  devices  for  the  purpose  of  cooling  the  discharge 
water  from  a condenser  and  using  it  over  again  as  injection 
water,  which  operation  may  be  repeated  indefinitely  with 
the  same  water,  needing  only  a small  supply  of  extra  water 
to  replace  that  which  is  evaporated  during  the  cooling 
process. 

The  principle  on  which  all  these  cooling  devices  operate 
is  that  the  evaporation  of  a part  of  the  water  undergoing 
the  cooling  process  extracts  the  heat  from  the  remaining 
part. 

58.  There  are  two  distinct  methods  of  cooling  liquids ; 
the  first  is  by  absorbing  and  carrying  off  the  heat  by  a 
liquid  previously  cooled,  as,  for  instance,  occurs  in  the  sur- 
face condenser,  in  which  the  heat  of  the  exhaust  steam  is 
absorbed  and  carried  off  by  the  cold  injection  water;  while 
the  second  method  is  effected  principally  by  evaporation. 

59.  Evaporation  is  the  conversion  of  a fluid  into  a vapor. 
When  water  is  freely  exposed  to  a current  of  air,  the  air  in 
immediate  contact  with  the  water  soaks  up,  as  it  were,  more 
or  less  of  the  water  and  the  air  becomes  charged  with  vapor. 
As  evaporation  proceeds  only  from  the  surface  of  liquids, 
the  quantity  of  liquid  evaporated  depends  on  the  extent  of 
the  surface  exposed.  Dry  air  absorbs  moisture  very  rapidly 
at  first,  but  more  and  more  slowly  as  the  process  proceeds, 
until  it  ceases  altogether  and  the  air  is  then  surcharged  with 
moisture ; it  is  then  said  to  be  saturated,  which  means  that 
the  air  has  soaked  up  all  the  moisture  that  it  can  hold.  It 
is  evident,  then,  that  the  more  air  that  is  brought  into 
contact  with  the  liquid  to  be  cooled,  the  more  rapidly  will 
the  evaporation  proceed. 

GO.  The  capacity  of  air  for  absorbing  moisture  increases 
rapidly  with  the  temperature.  Dry  air  at  100°  F.  will  take 
up  a much  greater  quantity  of  moisture  than  air  at  60°.  One 
cubic  foot  of  water  vapor  at  a temperature  of  60°  F. 
weighs  5.745  grains,  at  100°  it  weighs  19.766  grains,  and 
at  110°  it  weighs  26.112  grains.  If  saturated  air  at  60°  is 
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heated  to  100°,  it  will  no  longer  be  saturated,  and  will  then 
be  capable  of  taking  up  14.021  grains  more  moisture  per 
cubic  foot. 

61.  During  the  process  of  evaporation  a great  amount 
of  heat  is  absorbed  by  the'  vapor,  or,  as  it  may  be  said, 
consumed  in  forming  the  vapor,  and  becomes  latent. 
966  B.  T.  U.  are  required  to  convert  1 pound  of  water  into 
vapor  at  the  atmospheric  pressure.  As  this  heat  is  derived 
or  taken  from  the  water  that  remains  after  a portion  of  it 
has  been  converted  into  vapor,  the  remaining  water  is  cooled 
thereby. 


CONSTRUCTION  OF  COOUING  TOWERS. 

G2,  Advantage  has  been  taken  of  the  cooling  effect  of 
evaporation  to  cool  the  discharge  water  of  a condenser  so 
that  it  may  be  used  as  injection  water  again.  The  applica- 
tion of  the  principle  is  usually  through  the  medium  of  an 
apparatus  called  a coolini^  tower,  which  consists  substan- 
tially, as  its  name  implies,  of  a tower-like  structure,  usually 
about  30  feet  high,  to  the  top  of  which  the  warm  water 
is  pumped  and  there  liberated  and  allowed  to  fall  to  the 
bottom  of  the  tower  against  a current  of  ascending  air 
which  is  impelled  upwards  by  a fan  blower.  The  water  in 
descending  is  broken  into  spray  or  thin  sheets  by  coming 
into  contact  with  obstructions  placed  in  its  path  for  that 
purpose,  thus  presenting  the  greatest  possible  area  of  evap- 
orating surface  to  be  acted  upon  by  the  air. 

There  is  a number  of  cooling  towers  in  use,  and  while  they 
differ  somewhat  in  construction  and  material,  they  all  are 
governed  by  the  same  principle. 

63.  The  Worthington  cooling  tower,  shown  in  Fig.  13, 
consists  of  a cylindrical  steel  shell  a open  at  the  top,  supported 
upon  a suitable  foundation,  and  having  fitted  at  one  side  a 
fan  the  function  of  which  is  to  circulate  a current  of  air 
through  the  tower  and  its  filling.  This  filling  consists  of 
layers  of  cylindrical  tubular  tiling  c,  c',  c",  which  rest  upon 
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a grating  d supported  by  a brick  wall  e extending  around 
the  circumference  of  the  tower.  The  warm  discharge  water 

from  the  condenser  enters 
the  tower  through  the 
pipe  /,  passes  up  the  cen- 
tral pipe  and  is  deliv- 
ered on  the  upper  layer  of 
tiling  and  over  the  whole 
cross-section  of  the  tower 
by  the  distributing  de- 
vice //,  which  consists  of 
four  pipes,  radiating  from 
the  central  pipe  which 
are  caused  to  revolve  about 
the  central  pipe  by  the 
reaction  of  jets  of  water 
issuing  from  perforations 
on  one  side  of  each  pipe. 
The  water  thus  delivered 
spreads  over  the  outside 
and  inside  surfaces  of  the 
walls  of  the  tiling  and 
forms  a continuous  sheet, 
which  is  presented  to  the 
action  of  the  air. 

The  tiling  is  placed  on 
end  in  horizontal  layers, 
one  on  the  other,  and  is 
packed  as  closely  as  pos- 
sible, the  walls  of  each  indi- 
vidual tile  of  each  success- 
ive layer  being  disposed  so 
as  to  come  opposite  the 
air  space  of  the  next  lower 
layer,  breaking  joints,  as 
it  were;  the  object  of  this  disposition  is  to  break  up  both 
the  currents  of  air  and  water  so  that  the  most  extended 
contact  will  take  place. 


Fig.  13. 
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If  there  are  ten  layers  of  tiling  in  a tower,  then  there  are 
nine  places  in  addition  to  the  original  spreading  at  the  top 
at  which  there  is  a complete  redistribution  of  the  water. 
It  will  be  seen  that  each  tile  must  rest  on  at  least  two,  and 
possibly  three,  in  the  next  lower  layer.  Assuming,  however, 
that  each  tile  in  the  upper  row  of  tiles  rests  on  only  two 
others,  a given  quantity  of  water  placed  on  any  one  tile  in 
the  top  layer  will  be  divided  over  at  least  two  tiles  in  the 
second  layer,  three  in  the  third,  four  in  the  fourth,  and  so 
on  until  it  becomes  spread  over  fifty-four  tiles  in  the  bottom 
layer  on  the  grating. 

The  air  is  distributed  in  a similar  manner,  but  in  a reverse 
direction,  to  the  flow  of  water,  and  there  is  a large  free  area 
for  its  passage  upwards  over  the  entire  cross-section  of  the 
tower.  The  warm  water  falling  through  the  tower  is  cooled 
by  three  processes:  first,  by  radiation  of  heat  from  the 
sides  of  the  tower;  second,  by  contact  with  cool  air;  and 
third,  by  evaporation.  The  latter  is  by  far  the  most  effect- 
ive and  important,  for  the  reason  that  the  evaporation  of  a 
pound  of  water  in  this  way  carries  off  906  B.  T.  U.  The 
cooled  water  falls  from  the  grating  into  the  reservoir  i at 
the  bottom  of  the  tower,  and  from  there  is  forced  into  the 
condenser,  either  by  atmospheric  pressure  or  by  a circulating 
pump  through  the  injection  pipe  j\  to  perform  condensation 
again. 

The  current  of  air  is  impelled  through  the  tower  by  the 
circulating  fan  driven  either  by  a small  steam  engine,  an 
electric  motor,  or  by  belting  from  the  main  engine  or  line 
shaft,  as  the  case  may  be. 

A deflecting  plate  / is  used  to  direct  the  current  of  air 
upwards  through  the  tower.  A manhole  in  affords  access 
to  the  interior  of  the  tower  for  examination,  cleaning,  and 
repairs,  and  k is  the  overflow  pipe  from  the  reservoir. 

64.  The  liarnard-Wlieelei*  water-cooliri^?  tower  is 

represented  in  Fig.  14.  The  tower  casing  is  usually  con- 
structed of  steel  plates.  Within  the  tower  are  hung  a 
number  of  mats  made  of  special  steel-wire  cloth,  galvanized 
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after  weaving.  The  pump  discharge  is  led  to  the  top  of  the 
tower  and  the  warm  water  is  there  distributed  by  a suitable 
system  of  piping  to  the  upper  edges  of  the  mats,  over  the 
surface  of  which  it  spreads  in  thin  films,  compelling  a 
partial  interruption  of^the  flow  and  continuously  bringing 
new  portions  of  the  water  to  the  surface,  thereby  exposing 
it  to  the  evaporating  and  refrigerating  effects  of  the  air- 
currents. 

The  mats  are  practically  metallic  sponges  capable  of  hold- 
ing a large  quantity  of  water  in  suspension,  which  accumu- 
lates and  drips  off  into  the  supply  reservoir  at  the  bottom 
of  the  tower.  To  assist  the  cooling  action,  the  air  in 
immediate  contact  with  the  water  is  set  in  rapid  circulation 
by  means  of  the  fan  blowers  a\  Fig.  14,  which  force  air 
into  the  lower  part  of  the  tower  and  upwards  between  the 
mats. 

65.  Barnard’s  fanless  self-cooling  tower  is  shown  in 
Fig.  15.  In  this  device  the  use  of  mechanical  means  for 
circulating  air  for  cooling  the  water  is  dispensed  with,  thus 
avoiding  the  wear  and  tear  and  the  expenditure  of  power 
that  are  always  associated  with  moving  parts.  The  hot 
circulating  water  discharged  from  the  condenser  is  pumped 
up  through  the  central  stand  pipe  a,  from  which  it  is  led  to 
the  trough  b and  distributing  pipes  c,  causing  a constant 
flow  of  thin  films  of  water  over  the  meshes  of  the  wire  mats 

d\  and  finally  draining  into  the  tank  or  reservoir  /"form- 
ing the  foundation  of  the  tower,  from  whence  the  cooled 
water  is  returned  through  the  injection  pipe  e for  use  again 
in  the  condenser. 

The  mats  are  placed  radially  and  are  entirely  exposed  to 
the  atmosphere;  they  are  so  arranged  as  to  permit  the  air 
to  come  into  contact  with  the  descending  films  of  water  by 
natural  circulation,  and  the  consequent  evaporation  is  carried 
far  enough  to  reduce  the  temperature  of  the  injection  water 
to  a sufficiently  low  degree  for  condensing  purposes. 

66.  The  Dean  refrigerating  tower  is  rectangular  in 
form  and  the  cooling  surfaces  consist  of  metal  tubes  placed 
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horizontally,  over  which  the  water  to  be  cooled  slowly  flows, 
dripping  from  tube  to  tube  and  exposing  it  in  thin  films  to 
the  refrigerating  effect  of  an  upward  current  of  air  kept  in 
circulation  by  a fan  blower. 


Fig.  15. 


07.  The  Stocker  cooling  tower  is  a structure  built  of 
wood,  steel,  or  bricks,  according  to  circumstances.  The 
cooling  surfaces  are  built  up  of  checkerwork  or  crosspieces 
of  boards  in  horizontal  layers  set  at  right  angles  to  one 
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another.  At  the  intersections  are  placed  upright  partitions 
diagonally  across  the  square  openings  between  the  boards. 

The  water  is  pumped  to  the  top  of  the  tower  and  trickles 
down  over  these  surfaces  in  thin  films,  which  are  broken  up 
in  falling  at  each  intersection  of  the  boards,  and  the  water 
is  thus  brought  into  contact  with  the  current  of  air  that  is 
forced  upwards  through  the  tower  by  fan  blowers. 

68.  Cooling  towers  may  be  located  on  the  roof  of  a 
building,  if  space  for  them  is  not  available  upon  the  ground, 
and  they  may  be  used  in  connection  with  any  type  of  con- 
denser. It  is  to  be  observed  that  there  is  a possibility  of 
the  water  in  a cooling  tower  freezing  during  very  severe 
weather. 


- VARIOUS  COOLIXG  SYSTEMS. 

69.  There  are  other  methods  of  cooling  discharge  water 
from  condensers  for  the  purpose  of  using  it  over  again  as 
injection  water  besides  by  cooling  towers. 

70.  The  Scliutte  system  of  cooling  discharge  water 
consists  of  a series  of  centrifugal  spray  nozzles  that  project 
the  warm  water  from  the  condenser  into  the  open  air  by  a 
whirling  action  in  the  form  of  spray,  under  a pressure  of 
15  pounds  or  more  to  the  square  inch.  A tank,  pond,  or 
other  catch  basin  is  provided  to  retain  the  cooled  water. 

71.  The  Einde  system  of  cooling  discharge  water  con- 
sists of  a number  of  sheet-iron  cylinders  immersed  about 
one-third  of  their  diameters  in  the  water  of  the  condenser. 
These  cylinders  are  revolved  slowly,  thereby  carrying  up 
thin  films  of  water  adhering  to  their  surfaces,  which,  on 
coming  into  contact  with  a current  of  air,  are  evaporated, 
producing  the  cooling  effect.  The  condenser  is  merely  a 
tank  containing  submerged  pipes  connected  with  the  engine 
exhaust.  The  water  in  the  tank  is  kept  in  constant  motion 
by  an  agitator. 
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LOSS  OF  WATER  BY  EVAPORATION. 

72.  When  injection  water  is  recooled,  the  loss  of  water 
by  evaporation  is  proportional  to  the  amount  of  heat  carried 
off  and  depends  on  the  difference  between  the  temperature 
of  the  water  before  and  after  cooling.  For  example,  if 
200,000  pounds  of  water  is  cooled  down  from  120°  to  60° 
in  a given  time,  60  B.  T.  U.  are  absorbed  from  every 
pound  of  water  that  is  evaporated;  therefore,  200,000  X 60 
= 12,000,000  B.  T.  U.  are  carried  off  with  the  vapor.  Now, 
as  it  requires  about  1,000  B.  T.  U.  to  vaporize  1 pound  of 
water,  = 12,000  pounds  of  the  water,  or  6 per  cent., 

have  been  converted  into  vapor  and  lost,  which  amount 
must  be  restored  to  the  volume  of  available  injection  water 
from  some  original  source  of  supply. 


CONDENSER  FITTINGS. 

73.  Certain  fittings  are  required  on  a condenser  to 
make  it  complete.  A vacuum  gauge,  as  a matter  of  course, 
is  a necessity  on  all  condensers,  and  it  should  be  placed  in  a 
conspicuous  part  of  the  engine  room,  where  the  engineer 
may  consult  it  at  any  time. 

74.  A surface  condenser  should  be  provided  with 
standard  thermometers,  one  each  for  the  injection  water, 
the  feedwater,  and  the  discharge  water.  The  thermometers 
should  be  permanently  connected  to  the  condenser  by  means 
of  small  pipes,  through  which  streams  of  the  various  waters 
mentioned  should  be  kept  circulating  around  the  bulbs  of 
their  respective  thermometers  so  that  the  temperature  of 
the  waters  may  be  noted  at  a glance.  Inasmuch  as  the 
best  results  can  be  obtained  only  by  having  the  temperature 
of  the  feedwater  as  high  as  possible  and  the  temperature  of 
the  discharge  water  as  low  as  possible,  and  as  these  tem- 
peratures can  only  be  accurately  determined  by  means  of 
standard  thermometers,  their  utility  is  obvious.  The 
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careful  engineer  that  keeps  the  condenser  temperatures  at 
their  best  points  will  save  many  a ton  of  coal,  and  to  enable 
him  to  do  this  the  thermometers  ought  to  be  supplied,  as  a 
means  of  economy.  The  condenser  temperatures  are 
regulated  by  the  injection  valve  or  by  the  speed  of  the 
circulating  pump,  if  independent.  By  these  means  more  or 
less  circulating  water  is  passed  through  the  condenser  tubes, 
as  required. 

75.  It  may  happen  in  winter  that  the  injection  water 
is  very  cold  and  that  not  enough  of  it  is  required  for  con- 
densation to  fill  the  barrel  of  the  circulating  pump,  which 
may  cause  slamming  of  the  valves.  If  the  circulating  pump 
is  independent  of  the  main  engine,  the  difficulty  may  be 
remedied  by  slowing  down  the  pump;  but  if  the  pump  is 
attached  to  and  operated  by  the  main  engine,  this  cannot  be 
done.  To  meet  this  contingency,  a reverse  air  valve  is  fitted 
to  the  barrel  of  the  circulating  pump,  which  will  allow  a 
certain  amount  of  air  to  enter  the  pump  at  each  stroke  and 
relieve  the  slamming.  The  amount  of  lift  of  the  air  valve 
is  controlled  by  a screw  stem  and  hand  wheel;  the  valve  may 
be  permanently  closed  by  the  same  means. 

76.  Another  method  of  accomplishing  the  same  purpose 
is  to  provide  a communication,  by  a pipe  or  channel  way, 
between  the  discharge  a;id  the  receiving  chambers  of  the 
circulating  pump,  fitted  with  a valve,  which,  on  being 
opened,  will  permit  a part  of  the  circulating  water  to  return 
to  the  receiving  chamber  of  the  pump  instead  of  passing 
through  the  condenser  tubes.  This  valve  is  called  the 
regurgritating^  waive,  because  it  permits  the  water  to 
regurgitate  back  towards  its  source.  By  regurgitating  is 
meant  the  flowing  back  and  forth  of  a liquid. 

77.  Surface  condensers  are  usually  provided  with  an 
alkali  cock,  by  which  caustic  soda  or  caustic  potash  may 
be  injected  into  the  condenser  for  the  purpose  of  dissolving 
the  grease  that  collects  upon  the  tubes  from  the  exhaust 
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steam.  The  alkali  cock  is  simply  an  ordinary  plug  cock 
screwed  into  the  top  of  the  condenser  over  and  near  the 
center  of  the  upper  nest  of  tubes,  and  having  a cup  or 
funnel-shaped  top  into  which  the  alkaline  solution  may  be 
poured.  As  an  accompaniment  to  the  alkali  cock,  a small 
live-steam  pipe  is  run  into  the  lower  part  of  the  condenser 
for  the  purpose  of  boiling  the  alkaline  water  as  an  aid  to 
dissolving  the  grease. 

78.  A by-pass  pipe  containing  a cock  or  valve  is  fitted 
around  one  of  the  tube-sheets  of  a surface  condenser, 
whereby  any  deficiency  of  feedwater  from  the  condensed 
steam  may  be  supplied  from  the  circulating  water,  provided 
there  is  no  other  source  of  supply. 

The  discharge  water  and  feedwater  being  inter- 
mingled in  a jet  condenser,  only  two  standard  thermometers 
are  required — one  for  the  injection  water  and  the  other  for 
the  feedwater. 

80.  All  condensers  should  be  provided  with  a sufficient 
number  of  drain  cocks  so  located  as  to  completely  drain  all 
the  water  out  of  them.  They  should  also  have  manholes 
and  handholes  wherever  practicable  and  wherever  necessary 
to  afford  access  to  the  interior  for  examination,  cleaning, 
and  repairs. 

81.  The  hot  well,  or  feed  tank  — which  is  practically 
the  same  thing  and  constitutes  a part  of  the  condensing 
apparatus  — should  be  provided  with  a glass  water  gauge  so 
that  the  height  of  water  within  may  be  observed  at  all 
times.  It  is  by  observing  the  fluctuations  of  the  water 
level  in  this  gauge  that  the  engineer  is  informed  as  to  the 
sufficiency  or  insufficiency  of  the  feedwater  supply. 

83.  A vacuum  ‘breaRer  is  a necessary  adjunct  of  a jet 
condenser.  This  is  a device  that  will  automatically  break 
the  vacuum  in  the  condenser  in  case  of  a sudden  breakdown 
of  the  air  pump,  and  will  thus  prevent  the  filling  up  of  the 
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condenser  and  the  subsequent  hlling  of  the  cylinder  with 
water,  which  is  coupled  with  the  danger  of  wrecking  the 
cylinder.  A vacuum  breaker  is  usually  constructed  in  the 
form  of  a float -operated  valve  attached  to  the  condenser 
and  opening  towards  the  atmosphere;  it  is  so  placed  that 
when  the  water  in  the  condenser  exceeds  a certain  height, 
it  will  lift  the  float,  open  the  valve,  and  admit  air,  thus 
destroying  the  vacuum  and  preventing  a further  inrush  of 
injection  water. 


QlTA]vrTITY  OF  WATER  REQtTIIlEE  FOR 
CO^^DEI^SATIOlNr. 

83.  The  number  of  pounds  of  condensing  water  required 
to  condense  a pound  of  steam  depends  on  the  initial  and 
final  temperature  of  the  steam  and  the  initial  and  final 
temperature  of  the  condensing  water. 

84,  A pound  of  steam  after  being  condensed  to  water 
having  the  temperature  at  which  it  leaves  the  condenser 
contains  a number  of  B.  T.  U.  above  32°  F.  that  is  given  by 
subtracting  32  from  its  temperature.  But  a pound  of  steam 
before  condensation  contains  a number  of  heat  units  above  32° 
corresponding  to  its  pressure.  Consequently,  the  number 
of  B.  T.  U.  that  must  be  abstracted  is  given  by  subtracting 
from  the  total  heat  of  the  steam  the  difference  between  the 
final  temperature  of  the  steam  after  condensing  and  32. 

Each  pound  of  condensing  water  in  passing  from  its  initial 
to  its  final  temperature  absorbs  a number  of  B.  T.  U.  equal 
to  the  difference  in  the  initial  and  final  temperatures. 
Therefore,  the  number  of  pounds  of  water  required  will  be 
the  number  of  B.  T.  U.  to  be  abstracted  from  a pound  of 
steam  divided  by  the  number  of  B.  T.  U.  absorbed  by  a 
pound  of  condensing  water.  Hence  the  following  rule: 

Rule  1. — To  find  the  iveight  of  condensing  water  per  pound 
of  steani^  from  the  total  heat  of  a pound  of  exhaust  steam 
subtract  the  difference  between  the  fnal  temperature  of  the 
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condensed  steam  andS2 ; divide  the  re7nainder  by  the  differ- 
ence betiveen  the  teinperatnres  of  the  entering  and  departing 
condensing  water. 


W 


_//-(^3-32) 


where  W = number  of  pounds  of  water  required  to  condense 
a pound  of  steam ; 

//■=  total  heat  of  vaporization  of  1 pound  of  steam 
at  the  pressure  of  the  exhaust.  This  may  be 
obtained  from  column  5 of  the  Steam  Table; 

/j  = the  temperature  of  departing  condensing  water ; 

= the  temperature  of  entering  condensing  water; 
/g  = - the  temperature  of  the  condensed  steam  upon 
leaving  the  condenser. 


The  pressure  of  the  exhaust  is  to  be  taken  as  the  pressure 
at  the  point  of  release  in  the  cylinder.  In  a jet  condenser 
the  final  temperatures  of  the  cooling  water  and  the  con- 
densed steam  are  the  same;  that  is,  t^  — t^. 


Example  1.— The  steam  exhausts  into  a surface  condenser  at  a 
pressure  of  4 pounds  absolute.  The  temperature  of  the  condensing 
water  on  entering  is  60°  and  on  leaving  is  to  be  100°.  The  tempera- 
ture of  the  condensed  steam  on  entering  the  air  pump  is  140°.  How 
many  pounds  of  condensing  water  are  required  per  pound  of  steam  ? 


Solution. — From  the  Steam  Table,  the  total  heat  of  1 pound  of  steam 
at  a' pressure  of  4 pounds  absolute  is  1,128.641  B.  T.  U.  Then,  applying 
rule  1,  we  have 


W = 


1,128.641  - (140  - 32) 
100  - 60 


= 25.52  lb. 


Ans. 


Example  2. — Steam  exhausts  into  a jet  condenser  at  a pressure  of 
2 pounds  absolute.  The  temperature  of  the  condensing  water  is  60° 
and  the  temperature  of  the  mixture  as  it  enters  the  pump  is  135°. 
How  much  condensing  water  is  used  per  pound  of  steam  ? 

Solution. — Applying  rule  1,  we  have 


W = 


1,120.462  - (135  - 32) 


= 13.566  lb. 


Ans. 


135  - 60 
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CAUSES  OF  IMPEEEECT  VACUUM. 

85.  An  imperfect,  i.  e.,  a low,  vacuum  is  due  to  one  or 
more  of  three  causes,  which  are  the  amount  of  condens- 
ing water  supplied  may  be  insufficient ; the  air  pump  may  be 
out  of  order;  or  there  may  be  air  leaks. 

86.  The  probable  cause  may  be  ascertained  easily  if  a log 
of  the  performance  of  the  engine  is  kept.  In  this  log  the 
temperature  of  the  hotwell,  the  temperature  of  the  dis- 
charged condensing  water,  the  initial  temperature  of  the 
entering  condensing  water  are  entered,  say,  every  hour. 
Should  the  vacuum  in  a surface  condenser  be  found  imper- 
fect, the  temperature  of  the  hotwell  and  the  discharged 
condensing  water  should  be  ascertained.  If  the  tempera- 
ture of  both  is  found  to  be  more  than  has  been  noted  down 
in  the  log  book  for  a more  perfect  vacuum,  it  would  tend  to 
show  that  not  enough  condensing  water  is  supplied.  If  an 
increased  supply  of  condensing  water  fails  to  improve  the 
vacuum,  although  it  lowers  the  temperature  of  the  hotwell 
and  of  the  discharged  condensing  water,  the  indications  are 
chat  an  air  leak  exists  somewhere  about  the  condenser  or 
engine.  If  no  air  leak  is  found,  the  air  pump  must  be 
examined.  Usually  one  or  more  of  the  air-pump  valves 
will  be  found  either  broken  or  in  poor  condition.  If  the 
temperature  of  the  hotwell  and  of  the  discharged  condens- 
ing water  are  the  same  as  in  the  case  of  a more  perfect  vacuum, 
the  indications  are  that  there  is  either  an  air  leak  or  that 
the  air  pump  is  partially  disabled. 

87.  In  a jet  condenser  the  temperature  of  the  hotwell 
and  that  of  the  condensing  water  is  always  the  same,  since 
the  exhaust  steam  and  condensing  water  mingle.  Hence, 
the  hotwell  temperature  remaining  the  same,  as  in  the  case 
of  a more  perfect  vacuum,  either  an  air  leak  or  a partially 
disabled  air  pump  is  indicated.  If  the  hotwell  temperature 
is  greater,  it  indicates  an  insufficient  quantity  of  injection 
water. 
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88,  The  maximum  vacuum  attainable,  theoretically,  can 
never  be  more,  in  inches  of  mercury,  than  the  height  of  the. 
column  of  the  barometer  at  the  same  time  and  place.  Owing 
to  mechanical  imperfections  of  the  condensing  apparatus, 
about  the  best  vacuum  that  may  be  attained  in  practice 
will  be  within  2 inches  of  the  theoretical  vacuum. 


COMPOUND  ENGINES. 


ADVA^fTAGBS  OF  COMPOUNDING. 


HISTORICAL. 

1.  In  1781  Jonathan  Hornblower  constructed  and  pat- 
ented an  engine,  similar  to  the  present  “compound,”  that 
had  two  cylinders  of  different  sizes.  Steam  was  first  admit- 
ted into  the  smaller  cylinder  and  then  passed  over  into  the 
larger,  doing  work  on  a piston  in  each.  In  Hornblower’s 
engine  the  two  cylinders  were  placed  side  by  side,  and  both 
pistons  acted  on  the  same  end  of  a beam  overhead.  The  use 
of  this  early  compound  engine  was  abandoned  on  account  of 
the  suit  brought  by  a Birmingham  firm  for  infringing  their 
patent,  which  applied  to  the  use  of  a separate  condenser  and 
air  pump.  At  the  beginning  of  the  nineteenth  century  the 
compound  engine  was  revived  by  Woolf,  with  whose  name 
it  is  often  associated,  and  who  expanded  the  steam  to  six 
and  even  to  nine  times  its  original  volume  in  two  separate 
cylinders. 


ECONOMY  IN  USE  OF  STEAM. 

2.  The  compound  engine  has  a mechanical  advantage 
over  the  single-cylinder  engine  with  an  equal  ratio  of  expan- 
sion and  of  equal  power,  but  it  is  doubtful  whether  this 
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advantage  was  clear  to  either  Hornblower  or  Woolf  when 
they  designed  their  compound  engines.  This  advantage  of 
the  compound  engine  over  the  simple  expansive  engine  is 
that  the  pressure  on  the  bearings  is  more  even  throughout 
the  stroke  and  not  so  high  at  the  beginning  of  the  stroke. 
However,  a far  more  important  merit  of  the  compound 
engine  lies  in  a fact  that  neither  of  them  'discovered  for 
many  years,  and  which  is  that  by  dividing  the  whole  range 
of  expansion  into  two  or  more  parts  and  performing  the 
work  in  separate  cylinders,  an  economy  in  the  use  of  steam 
was  effected. 

3.  If  an  attempt  is  made  to  obtain  a very  high  ratio  of 
expansion  in  a single-cylinder  engine,  we  are  confronted 
with  the  fact  that  the  gain  due  to  the  high  ratio  of  expan- 
sion is  lost  entirely  or  even  overbalanced  by  the  loss  due  to 
the  initial  condensation  of  the  entering  high-pressure  steam, 
this  loss  being  occasioned  by  the  cooling  of  the  cylinder 
walls  during  exhaust. 

4.  Let  the  temperature  of  the  entering  steam  be  75-3° 
absolute  and  the  temperature  of  the  exhaust  steam  613° 
absolute.  Then,  the  fall  in  temperature  during  expansion 
will  be  753°  — 613°  = 140°.  Now,  the  cylinder  walls,  espe- 
cially in  engines  having  a very  slow  piston  speed  and  having 
the  cylinder  poorly  covered,  will  cool  off  to  nearly  the 
temperature  of  the  exhaust  steam,  and  hence  the  incoming 
steam  must  give  up  part  of  its  heat  in  order  to  heat  the 
cylinder  walls  again.  As  a matter  of  course,  the  condensed 
steam  represents  nearly  a total  loss  of  heat.  We  say  nearly 
because,  owing  to  the  fact  that  the  cylinder  walls  do  not  cool 
entirely  do.wn  to  the  temperature  of  the  exhaust  steam  and 
also  on  account  of  the  reduction  of  pressure,  some  of  the 
steam  condensed  on  entering  is  evaporated  again  near  the  end 
of  the  stroke. 

5.  Suppose,  now,  that  the  temperature  of  the  incoming 
steam  is  842°  absolute  and  that  the  temperature  of  the 
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exhaust  steam  is  again  G13°;  that  is,  that  we  have  a higher 
ratio  of  expansion.  We  now  have  a temperature  range  of  842° 
— 613°  = 229°.  A little  thought  will  show  that  with  this 
enlarged  temperature  range,  a good  deal  more  initial  con- 
densation will  occur  in  order  to  raise  the  temperature  of  the 
cylinder  walls  to  842°  again.  From  this  the  conclusion 
may  be  drawn  that  increasing  the  range  of  temperature 
increases  the  loss  due  to  cylinder  condensation. 

6,  Having  seen  that  a high  ratio  of  expansion,  i.  e.,  a 
high  temperature  range  in  a single  cylinder,  means  a great 
initial  condensation  and  subsequent  loss  in  economy,  let  us 
see  what  the  effect  will  be  if  the  expansion  of  steam  takes 
place  in  successive  stages  in  several  cylinders  through  the 
same  temperature  range.  Then,  the  total  temperature 
range  being  the  same,  it  is  evident  that  the  temperature  range 
in  each  cylinder  will  only  be  a fraction  of  it,  and  this  has  been 
found  to  reduce  the  condensation  loss  considerably  below 
that  occurring  in  one  cylinder  having  the  same  total  tempera- 
ture range.  This  fact  has  been  established  beyond  doubt 
by  numerous  experiments  and  has  led  successively  to  the 
adoption  of  compound  engines,  then  triple-expansion  engines, 
and  lately  quadruple-expansion  qngines. 

7«  We  will  now  consider  some  facts  showing  the  reason 
why  a division  of  the  temperature  range  between  several 
cylinders  tends  to  reduce  c)dinder  condensation.  It  takes 
an  appreciable  period  of  time  to  change  the  temperature  of 
the  cylinder  walls  from  the  temperature  of  the  exhaust  steam 
to  that  of  the  entering  steam.  In  most  cases,  if  not  in  all, 
the  time  during  which  the  entering  hot  steam  is  in  contact 
with  the  cylinder  walls  is  so  short  that  the  incoming  steam 
cannot  heat  them  to  its  own  temperature.  Likewise,  the 
time  during  which  the  cylinder  walls  are  in  contact  with  the 
exhaust  steam  is  usually  so  short  that  they  do  not  cool 
entirely  down  to  its  final  temperature.  Consequently,  the 
fluctuation  of  the  temperature  of  the  cylinder  walls  is  less 
than  the  temperature  range  of  the  incoming  and  exhaust 
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steam.  It  is  a well-known  fact  that  the  rate  at  which  heat 
passes  from  a hot  body  (the  entering  steam  in  this  case)  to  a 
cold  body  (the  cylinder  walls  in  the  case  under  consideration) 
depends  on  the  difference  in  temperature  between  the  two 
bodies.  When  the  temperature  difference  is  great,  the  rate 
of  heat  transmission  is  much  larger,  proportionally,  than  it 
would  be  if  the  temperature  difference  were  small.  In  other 
words,  the  rate  at  which  the  transfer  of  heat  takes  place 
increases  much  faster  than  the  temperature  difference.  It 
follows  from  this  principle,  when  the  difference  in  tempera- 
ture between  that  of  the  incoming  steam  and  that  of  the 
cylinder  walls,  previously  cooled  by  the  exhaust,  is  small, 
that  less  heat,  in  proportion  to  the  temperature  difference, 
will  be  given  up  to  reheat  the  cylinder  walls  than  would  be 
the  case  for  a larger  temperature  difference.  Similarly,  if 
the  temperature  of  the  exhaust  steam  is  but  little  below  that 
of  the  cylinder  walls,  less  heat  in  proportion  to  the  tempera- 
ture difference  will  be  lost  by  the  cylinder  walls.  Now,  by 
expanding  steam  successively  in  several  cylinders,  we  not 
only  decrease  the  temperature  range  in  each  cylinder,  but 
also  greatly  decrease  the  fluctuation  in  temperature  of  the 
cylinder  walls  of  each.  Then,  as  the  rate  of  heat  transmis- 
sion is  proportionally  much  smaller  for  a small  fluctuation  of 
temperature,  it  follows  that  the  sum  of  the  condensation 
losses  in  the  several  cylinders  will  be  smaller  than  the  con- 
densation loss  occurring  in  a single  cylinder  having  the 
same  temperature  range  between  the  initial  and  final  tem- 
perature. 

8.  Another  probable  cause  of  reduction  of  cylinder  con- 
densation by  compounding  is  that  the  steam  condensed  in 
the  high-pressure  cylinder  and  reevaporated  during  the 
exhaust  period  enters  the  low-pressure  cylinder  as  steam ; 
hence,  the  heat  given  up  in  the  high-pressure  cylinder  by 
the  entering  steam  in  heating  the  cylinder  walls  is  not  a 
total  loss,  as  would  be  the  case  if,  instead  of  exhausting 
into  a second  cylinder,  exhaust  took  place  into  the  atmos- 
phere or  into  a condenser. 
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MECirAXICAL  ADVANTAGES  OF  COMPOUNDING. 

9.  So  far  we  have  considered  only  the  saving  effected  in 
the  cylinders  of  the  engine,  as  it  is  there  that  the  greatest 
difference  is  shown;  but  there  are  other  advantages  inci- 
dental to  the  use  of  the  triple-expansion  and  compound 
engines  that  deserve  attention  and  recognition.  The  pres- 
sures, and  consequently  the  strains,  in  a triple-expansion  or 
a compound  engine  are  more  evenly  distributed  throughout 
the  stroke  than  they  are  in  a simple  engine,  and  the  turning 
moment  on  the  shaft  is  also  more  nearly  equal ; therefore, 
lighter  working  parts  can  be  used  with  the  same  margin  of 
safety  and  lighter  flywheels  to  give  the  same  regularity  of 
speed.  These  lighter  weights  and  more  even  strains  mean 
less  friction  in  the  engine,  and  this  in  turn  means  a saving 
of  coal. 

10.  In  order  to  show  how  this  is  possible,  we  will  con- 
sider two  engines  of  equal  horsepower,  the  one  a simple 


Fig.  1. 


expansive  engine  and  the  other  a so-called  tandem  eom- 
liound  enj.^iiie  that  has  two  cylinders  in  line  with  each 
other  and  a piston  rod  common  to  both  cylinders.  Obvi- 
ously, both  pistons  are  carried  on  the  same  rod,  as  shown 
in  Fig.  1.  The  cylinder  A is  called  the  pressure 

cylinder  and  the  cylinder  B is  known  as  the  low-pressure 
cylinder.  The  exhaust  from  the  high-pressure  cylinder 
passes  through  the  exhaust  passage  a into  the  steam  chest 
of  the  low-pressure  cylinder. 
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The  simple  expansive  engine  has  the  following  dimensions 
and  data:  Area  of  piston,  420  square  inches;  stroke, 

30  inches;  revolutions  per  minute,  90;  steam  pressure, 
105  pounds  gauge.  The  mean  effective  pressure  of  this 
engine,  as  found  from  the  indicator  card  A,  Fig.  2,  is 
48.66  pounds  per  square  inch. 

The  tandem  compound  engine  has  the  following  dimen- 
sions and  data:  Area  of  high-pressure  piston,  200  square 


B 


inches;  of  low-pressure  pis- 
ton, 600  square  inches ; 
stroke,  30  inches;  revolu- 
tions per  minute,  90;  steam 
pressure,  105  pounds  gauge. 
The  mean  effective  pressure, 
as  found  from  the  indicator 
card  shown  at  B,  Fig.  2,  is 
51.1  pounds  in  the  high- 
pressure  cylinder  and  17.03 
pounds  in  the  low-pressure 
cylinder,  as  found  from  the 
indicator  card  shown  at  C, 
Fig.  2.  The  two  engines  will 
practically  be  of  the  same 
horsepower,  since  the  mean 
impelling  force  on  the  piston 
of  the  simple  engine  is  420 
X 48.66  = 20,437.2  pounds 
and  the  mean  impelling  force 
on  the  two  pistons  of  the  tan- 
dem compound  engine  is 
200  X 51.1  -f  600  X 17.03 
= 20,438  pounds,  and  their 
respective  strokes  and  num- 
ber of  revolutions  are  equal. 


11.  For  convenience,  we  shall  consider  the  load  on  the 
respective  piston  rods  when  the  engines  have  made  the 
stroke.  Then,  from  the  diagram  A,  Fig.  2,  we  find  the  net 
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pressure  per  square  inch  on  the  piston  to  be  92  pounds, 
the  back  pressure  at  this  point  being  13  pounds.  It  is  to 
be  understood  that  the  ordinates,  by  means  of  which  the 
mean  effective  pressures  are  found,  are  erected  at  points  on 
the  diagram  corresponding  to  /q-,  A?  etc.  of  the  stroke. 
Since  the  area  of  the  piston  is  420  square  inches,  the  load  on 
the  piston  rod  at  this  point  of  the  stroke  is  420  X 92 
= 38,640  pounds.  In  the  tandem  compound  engine,  by 
diagram  Fig.  2,  the  pressure  on  the  high-pressure  piston 
is  70.2  pounds  net;  the  net  pressure  on  the  low-pressure 
piston,  by  diagram  U,  Fig.  2,  is  22  pounds.  The  reason 
these  given  pressures  are  the  net  pressures  follows  from 
what  has  been  stated  regarding  the  action  of  steam  in 
the  cylinders  of  a compound  engine.  Then,  the  load  on  the 
high-pressure  piston  is  200  X 70.2  = 14,040  pounds  and  the 
load  on  the  low-pressure  piston  is  600  x 22  — 13,200  pounds, 
making  a total  load  on  the  low-pressure  piston  rod  of 
14,040  13,200  = 27,240  pounds.  In  the  same  manner,  as 

shown  above,  we  may  calculate  the  loads  on  the  pistons 
of  the  stroke  and  then  arrange  them  in 
the  form  of  a table,  as  given  below: 


Stroke. 

Load  on  Piston  Rod. 

Simple. 

Compound. 

yV 

38,640 

27,240 

¥0 

42,840 

30,320 

5 

34,860 

29,520 

7 

■2  0 

24,780 

28,580 

9 

■2F 

18,480 

27,420 

1 1 

2^ 

13,440 

22,160 

1 3 
20" 

10,920 

15,740 

ii 

8,400 

10,860 

1 7 

Yo 

6,720 

7,440 

1 9 

■2-0 

5,292 

5,100 

204,372 

204,380 
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From  this  table  we  see  that  while  in  the  compound  engine 
under  discussion  the  maximum  load  on  the  piston  rod  is 
only  30,320  pounds,  it  is  42,840  pounds  in  the  simple  engine, 
thus  showing  that  if  the  simple  engine  were  converted 
into  a compound  of  equal  horsepower,  retaining  all  parts 
except  the  cylinder  and  piston  rod,  the  maximum  load  on 
the  various  parts,  and  hence  the  maximum  stresses,  would 
be  less.  An  inspection  of  the  table  will  also  show  that 
there  is  less  variation  in  the  loads  in  case  of  the  tandem 
compound  than  in  case  of  the  simple  engine;  hence,  the 
tandem  compound  will  run  steadier.  The  above  shows 
that  if  conditions  allow  it,  an  engine  giving  trouble  through 
weakness  of  its  component  parts  and  insufficient  bearing 
surface  may  be  remodelled  and  will  probably  give  good 
satisfaction  when  changed  to  a tandem  compound  of  equal 
power. 


12,  Having  shown  that  the  loads  are  smaller  with  a 
tandem  compound  engine,  it  will  be  seen  upon  reflection 
that  an  engine  rigid  in  all  its  parts  may  have  its  horsepower 
increased  by  making  it  a tandem  compound  without  exceed- 
ing the  maximum  loads  the  various  parts  sustained  when  it 
was  a simple  engine.  Thus,  if  we  changed  the  simple 
engine  under  discussion  to  a tandem  compound  giving  indi- 
cator cards  like  B and  C,  Fig.  2,  and  having  an  area  of 
250  square  inches  in  the  high-pressure  cylinder  and 
750  square  inches  in  the  low-pressure  cylinder,  the  load  on 
the  low-pressure  piston  rod  would  be  250  X 75.1  + 750  X 25.5 
= 37,900  pounds  at  jw  the  stroke,  or  considerably  less  than 
if  the  engine  were  a simple  expansive  one.  We  will  now 
compute  the  horsepower  of  both  engines.  That  of  the 


simple  engine 


IS 


420  X 48.66  X 2.5  X 2 X 90 


278.7  horse- 


33,000 

power,  nearly.  The  horsepower  of  the  compound  engine 
having  cylinders  of  250  and  750  square  inches  area  is 


250  X 51.1  X 2.5  X 2 X 90  750  X 17.03  X 2.5  X 2 X 90 

33,000  33,000 

= 348.4  H.  P. , nearly.  We  thus  see  that  the  horsepower 
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of  the  engine  is  increased  by  348.4  — 278.7  = 69.7  horse- 
[)ower  and  that  the  maximum  loads  and  stresses  are  still 
less  than  in  case  of  the  simple  expansive  engine  here  con- 
sidered. 


13.  At  one  time  or  other,  nearly  every  manufacturing 
concern  finds  that  it  needs  more  power.  The  common  way 
of  accomplishing  this  is  to  put  in  a larger  cylinder,  which, 
unless  a very  generous  allowance  of  bearing  surface  has  been 
made  in  the  engine  as  originally  constructed,  leads,  in  a 
great  many  cases,  to  hot  bearings  and  various  other  troubles. 
It  would  certainly  seem  to  be  the  better  plan  to  convert  the 
engine  into  a tandem  compound  if  conditions  allow  it.  This 
is  not  always  feasible,  however;  if  the  boiler  pressure  is  less 
than  80  pounds  gauge,  it  is  hardly  ever  advisable  to  change 
to  a compound.  No  general  rule  can  be  given  as  to  when  it 
is  advisable  to  make  the  change ; each  case  must  be  treated 
on  its  own  merits. 

14,  So  far  only  the  tandem  compound  and  the  simple 
expansive  engine  have  been  compared,  and  it  has  been 
shown  that  the  tandem  compound  engine  possesses  mechan- 
ical advantages  over  the  simple  engine  of  equal  horsepower. 
Many  compound  engines  are  built  as  cross-comi>ouii(ls, 
one  of  which  is  shown  in  plan  in  Fig.  3. 

The  cross-compound  engine  possesses  a mechanical  advan- 
tage not  only  over  the  simple  expansive  engine,  but  also 
over  the  tandem  compound  engine  of  equal  horsepower.  In 
a cross-compound  engine  the  high-pressure  cylinder  a and 
low-pressure  cylinder  b are  placed  parallel  to  and  alongside 
of  each  other,  as  shown  in  Fig.  3.  Both  cylinders  are  con- 
nected to  a common  crank-shaft  which  carries  the  fly- 
wheel d between  the  bearings  and  has  cranks  e and  /"at  each 
end.  These  cranks  are  placed  at  right  angles  to  each  other, 
so  that  when  one  crank  is  on  a dead  center,  the  other  is 
midway  between  the  centers.  In  consequence  of  this  there 
is  a much  more  uniform  turning  moment  on  the  crank- 
shaft than  in  a tandem  compound  engine,  and  hence  the 
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cross-compound  engine  will  run  steadier  than  the  tandem 
compound,  which’ runs  steadier  than  the  simple  expansive 
engine.  In  comparing  the  steadiness  of  running,  it  is 
assumed  that  the  flywheels  are  equal  for  engines  of  equal 
horsepower.  From  this  the  conclusion  may  be  drawn  that 


for  equal  degrees  of  steadiness  the  cross-compound  will  have 
the  lightest  flywheel,  a heavier  one  is  needed  for  the  tan- 
dem compound,  and  the  simple  expansive  engine  needs  the 
heaviest  wheel. 

In  a cross-compound  engine  the  exhaust  from  the 
high-pressure  cylinder  passes  through  the  high-pressure 
exhaust  pipe  ^ (see  Fig.  3)  into  the  receiver  h and 
thence  through  the  receiver  steam  pipe  i into  the  low- 
pressure  steam  chest.  The  exhaust  from  the  low-pressure 
cylinder  passes  either  into  the  atmosphere  or  into  a 
condenser.  The  purpose  of  the  receiver  will  be  explained 
later. 
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COXSTRUCTIOX  OF  COMPOUXD 
EXOIXES. 


CLASSIFICATION. 

15.  TjT)es. — Compound  engines  may  be  divided  into  two 
general  types,  which  are  the  Woolf  compound  type  and  the 
receiver  compound  type, 

16.  Tlie  Woolf  Compound. — In  the  Woolf  compound 
type  the  pistons  of  each  cylinder  commence  and  complete 
the  stroke  at  the  same  time,  and,  consequently,  the  high- 
pressure  cylinder  can  exhaust  directly  into  the  low-pressure 
cylinder.  In  Woolf  compound  engines  either  both  pistons 
operate  directly  upon  one  crank,  as  in  a tandem  compound 
engine,  or  they  operate  upon  two  or  more  cranks  on  the 
same  shaft,  which  are  either  in  line  or  180°  apart.  The 
absence  of  a receiver,  or  vessel  destined  to  receive  the  high- 
pressure  exhaust  before  it  passes  to  the  low-pressure  cylin- 
der, is  the  distinguishing  feature  of  the  Woolf  compound 
engine.  AVhile  most  tandem  compound  engines  are  of  the 
Woolf  compound  type,  it  must  not  be  inferred  that  all  of 
them  belong  to  that  type.  A tandem  compound  engine 
does  not  need  a receiver,  as  far  as  the  steam  distribution  is 
concerned,  but  some  of  them,  especially  in  very  large  sizes, 
are  fitted  with  reheating  receivers,  where  an  additional 
amount  of  heat  is  supplied  to  the  high-pressure  exhaust  in 
order  to  reduce  the  cylinder  condensation  in  the  low-pressure 
cylinder. 

17.  The  Receiver  Compound. — In  the  receiver  com- 
pound type  the  high-pressure  cylinder  exhausts  into  a sepa- 
rate vessel,  chiefly  in  order  that  the  cranks  may  be  placed 
at  any  desired  angle  other  than  0°  (in  line  with  each  other) 
or  180°  apart.  This  is  not  feasible  without  the  employment 
of  a receiver,  which,  however,  need  not  l)e  a separate  vessel, 
but  may  take  the  form  of  a very  large  exhaust  l)ipe  from  the 
high-pressure  to  the  low-pressure  cylinder,  or  which  may  be 
formed  by  an  exceptionally  large  low-pressure  steam  chest. 
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18.  The  reason  why  a receiver  is  needed  when  the 
cranks  are  at  any  other  angle  than  0°  or  180°  with  each 
other  may  be  explained  as  follows:  Assume  a cross-com- 
pound engine  with  cranks  90°  apart  and  cutting  off  at  ^ stroke 
in  both  cylinders.  Let  the  high-pressure  piston  just  have 
commenced  its  stroke.  Then,  the  low-pressure  piston  will 
be  just  past  its  mid-stroke  position  and  the  low-pressure 
steam  port  is  closed.  But  while  the  high-pressure  piston  is 
taking  live  steam  on  one  side,  it  is  exhausting  on  the  other 
side,  and  there  being  no  space  for  all  the  high-pressure 
exhaust  steam  to  go  into,  the  exhaust  steam  will  be  com- 
pressed to  an  extent  depending  on  the  volume  of  the  low- 
pressure  ste^m  chest  and  the  passage  leading  to  it.  This 
compression  represents  a waste  of  work,  which  is  avoided  by 
the  use  of  a receiver. 

19.  Defiiiitions. — The  number  of  stages  in  which  the 
expansion  of  the  steam  is  carried  on  is  denoted  by  call- 
ing the  engine  a compound^  triple-expansion^  quadruple- 
expansion^  or  quintuple-expansion  engine.  In  a compound 
engine  the  steam  is  expanded  in  two  separate  stages,  but 
not  necessarily  in  two  cylinders;  in  a triide-expansioii 
engine  the  steam  is  expanded  in  three  separate  stages,  but 
not  necessarily  in  three  cylinders,  etc. 

The  expressions  compound^  triple-expansion^  quadriiple- 
expansion^  etc.  must  not  be  taken  to  infer  that  the  steam 
is  expanded  to  twice,  three  times,  four  times,  etc.  its 
original  volume,  or  that  the  engine  has  two,  three,  four, 
five,  etc.  cylinders.  They  refer  solely  to  the  number  of 
different  stages  in  which  the  steam  is  expanded.  Thus, 
compound  engines  have  been  built  with  three  cyl- 
inders and  three  cranks,  there  being  one  high-pressure 
cylinder  and  two  low-pressure  cylinders.  In  such  an 
engine  one-half  of  the  exhaust  steam  from  the  high- 
pressure  cylinder  passes  to  each  low-pressure  cylinder. 
Such  an  engine  is  distinctly  a compound  engine,  and  may 
be  more  fully  denoted  as  a three -cylinder.,  three-crank, 
compound  engine. 
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20,  All  engines  in  which  the  expansion  of  the  steam 
takes  place  in  more  than  one  stage  are  called  miiltiple- 
expaiisioii  eiig-ines,  to  distinguish  them  from  the  single-cyl- 
inder or  simple  eximnsive  engine.  In  giving  the  size  of 
a multiple-expansion  engine  it  is  customary  to  give  the  sizes 
of  their  cylinders  in  inches,  commencing  with  the  smallest 
cylinder,  and  to  write  the  stroke  in  inches  last.  Thus,  a 
compound  engine  whose  high-pressure  cylinder  is  11  inches 
in  diameter,  low-pressure  cylinder  20  inches  in  diameter, 
and  stroke  15  inches,  would  be  designated  as  a 11"  X 20" 
X 15"  compound  engine.  In  the  same  manner,  the  designa- 
tion a 14"  X 22"  X 34"  X 18"  triple -expansion  engine  would 
mean  that  the  diameters  of  the  cylinders  were  14  inches, 
22  inches,  and  34  inches,  and  that  they  had  a common  stroke 
of  18  inches. 

21,  In  a triple-expansion  engine  there  is  at  least  one 
cylinder  between  the  high-pressure  and  low-pressure  cylin- 
ders. This  cylinder  is  called  the  Intermediate-pressure 
cylinder.  In  a quadruple-expansion  engine  there  are  at 
least  two  cylinders  through  which  the  steam  must  pass  after 
leaving  the  high-pressure  cylinder  and  before  reaching  the 
low-pressure  cylinder.  These  are  called  the  first  and 
second  intermediate-i>ressnre  cylinders,  respectively. 


C YLIXDE  R ARR  AXG  K ME  NTS . 

22,  It  is  customary  to  designate  the  cylinders  and  other 
component  parts  of  compound  and  multiple-expansion 
engines  as  follows: 

H.  P.  — high-pressure  cylinder; 

/.  P.  — intermediate-pressure  cylinder; 

1 I.  P.  — first  intermediate-pressure  cylinder ; 

2 /.  P.  = second  intermediate-pressure  cylinder; 

L.  P.  = low-pressure  cylinder. 

In  the  description  of  the  various  cylinder  arrangements, 
these  designations  have  been  adopted,  and  in  Fig.  4 the 
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cylinders  have  been  lettered  to  correspond.  In  English 
books,  M.  P.  designates  the  intermediate-pressure  cylinder. 
The  most  common  forms  of  compound,  triple-expansion, 
and  quadruple-expansion  engines  are  illustrated  in  diagram- 
matic form  in  Fig.  4.  The  most  common  form  of  tandem 
compound  engine  is  shown  in  Fig.  4 {a).  Here  the  L.  P.  cyl- 
inder is  next  to  the  crank-shaft.  In  Fig.  4 (b)  the  low- 
pressure  cylinder  is  furthest  from  the  crank-shaft.  Tandem 
compound  engines  of  either  design  may  be  vertical  or  hori- 
zontal; when  vertical  they  are  often  called  steeple  com- 
lioiiiul  engines. 

Fig.  4 {c)  shows  the  cylinder  arrangement  of  a cross- 
compound, high-speed  engine.  In  these  engines  there  are 
generally  two  flywheels  placed  outside  of  the  cranks,  the 
latter  being  at  right  angles  with  each  other.  The  cylinders 
being  close  together,  the  receiver  r is  generally  in  the  form 
of  a jacket  that  ties  the  cylinders  together.  This  arrange- 
ment of  cylinders  greatly  lessens  the  floor  space  required. 
Fig.  4 {d)  shows  the  cylinder  arrangement  of  cross-com- 
pound engines  of  large  power.  It  will  be  noticed  that  this 
is  the  same  as  shown  in  Fig.  3.  Here  the  cylinders  are  sep- 
arated in  order  to  allow  the  flywheel  to  be  placed  between 
the  cranks.  The  receiver  r is  generally  a separate  vessel. 
Cross-compounds  may  be  either  vertical  or  horizontal. 

Fig.  4 (e)  shows  the  cylinder  arrangement  of  a two-crank, 
four-cylinder,  triple-expansion  engine.  Steam  enters  the 
77.  P.  cylinder  from  the  steam  chest  a ; it  exhausts  through  b 
into  the  intermediate  receiver  whence  it  passes  into  the 
/.  P.  cylinder.  The  latter  exhausts  through  d into  the  low- 
pressure  receiver  ee^  common  to  both  L.  P.  cylinders. 
Through  ff  the  exhaust  steam  from  the  L.  P.  cylinders 
passes  into  the  condenser.  The  cranks  are  placed  90° 
apart.  For  large  powers  the  cylinders  may  be  separated, 
similar  to  the  cross-compound  engine  shown  in  Fig.  4 {d'). 
In  that  case  the  low-pressure  receiver  would  most  likely  be 
a separate  vessel.  Fig.  4 (/')  shows  the  cylinder  arrange- 
ment of  a three-crank,  three-cylinder,  triple-expansion 
engine  with  the  cylinders  placed  close  together.  In  this 
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case  the  flywheel  is  placed  on  one  end  of  the  crank-shaft. 
The  cranks  are  usually  placed  120°  apart.  The  steam  from 
the  boiler  enters  the  H.  P.  steam  chest  a and  is  exhausted 
from  the  H.  P.  cylinder  through  b into  the  intermediate 
receiver  and  passes  thence  into  the  /.  P.  steam  chest  c.  The 
steam  exhausts  from  the  /.  P.  cylinder  through  d into  the 
low-pressure  receiver,  whence  it  passes  into  the  L.  P.  steam 
chest  e,  and  finally  exhausts  through  /into  the  atmosphere 
or  condenser. 

Fig.  4 (^)  illustrates  the  cylinder  arrangement  of  a four- 
crank,  four-cylinder,  quadruple-expansion  engine.  Steam 
enters  the  H.  P.  cylinder  from  the  steam  chest  a ; it  exhausts 
through  b into  the  first  intermediate  receiver  r,  whence  it 
passes  into  the  1 /.  P.  cylinder.  The  exhaust  from  the  lat- 
ter passes  through  d into  the  second  intermediate  receiver 
and  thence  into  the  2 /.  P.  cylinder.  This  cylinder  exhausts 
through  f into  the  low-pressure  receiver  whence  the 
steam  passes  into  the  L.  P.  cylinder  and  exhausts  through  h 
into  the  condenser.  The  cranks  are  placed  90°  apart. 

Fig.  4 {Ji)  shows  a cylinder  arrangement  for  a compound 
engine  that  is  beginning  to  find  much  favor  with  designers 
of  late  for  large  powers.  The  two  cylinders  are  placed  at 
right  angles  to  each  other,  and  both  pistons  are  connected 
to  the  same  crankpin.  Sometimes  two  sets  of  such  engines 
are  placed  alongside  of  each  other,  with  the  flywheel  between 
them.  A compound  engine  arranged  in  this  manner  will 
occupy  much  less  floor  space  than  a cross-compound  engine, 
and  will  run  just  as  steadily  as  the  latter,  owing  to  the  uni- 
formity of  the  turning  moment  on  the  crank-shaft. 


EXAMPLES  OF  COMPOIJXD  ENGINES. 

23,  Tandem  Compound. — An  elevation  of  a tandem 
compound,  high-speed  engine  is  shown  in  Fig.  5.  In  the 
illustration,  a is  the  high-pressure  cylinder,  which  in  high- 
speed tandem  compound  engines  is  generally  placed  behind 
the  low-pressure  cylinder  b.  In  large  medium-speed  engines 
the  high-pressure  cylinder  is  often  placed  nearest  the 
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crank-shaft,  it  being  claimed  that  it  is  then  easier  to  remove 
the  pistons  and  to  examine  the  cylinders  in  case  of  repairs. 
When  the  high-pressure  cylinder  is  behind,  as  in  Fig.  5,  it 
must  generally  be  removed  entirely  in  order  to  get  at  the 


inside  of  the  low-pressure  cylinder.  Steam  is  conducted  to 
the  high-pressure  steam  chest  by  the  steam  pipe  d ; after 
the  steam  has  expanded  in  a it  is  discharged  through  the 


connecting  pipe  c into  the  steam  chest  f of  the  low-pressure 
cylinder  b,  and  is  finally  exhausted  into  the  condenser  or 
atmosphere  through  the  exhaust  pipe  e.  As  in  nearly  all 
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high-speed  engines,  a shaft  governor  is  used.  The  engine 
is  of  the  side-crank  type;  that  is,  the  crank  is  on  the  end  of 
the  crank-shaft.  Many  tandem  compound  engines  are  built, 
however,  with  a center  crank,  which  means  that  the  crank 
is  in  the  center  of  the  crank-shaft.  In  that  case  there  are 
usually  two  flywheels,  one  on  each  side. 

34.  Horizontal  Cross-Compomid. — A perspective  view 
of  a cross-compound,  horizontal  engine,  with  Corliss  valve 


gear,  is  given  in  Fig.  6.  In  the  illustration,  a is  the  high- 
pressure  cylinder  and  b the  low-pressure  cylinder.  The 
receiver  between  the  two  cylinders  is  placed  beneath  the 
floor,  the  pipe  c leading  to  it  from  the  high-pressure 
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cylinder  and  the  pipe  d leading  from  it  to  the  low-pressure 
steam  chest.  The  cranks  are  placed  90°  apart ; owing  to 
the  fact  that  the  high-pressure  crank  e is  on  its  upper 
quarter,  the  low-pressure  crank  is  hidden  by  the  frame. 
The  flywheel  /"serves  as  a belt  wheel  and  is  placed  between 
the  cranks. 

25,  Vertical  Cross-Comi>ound. — Fig.  7 shows  a per- 
spective view  of  a vertical  cross-compound  engine  direct- 
connected  to  a dynamo  and  having  Corliss  valve  gear.  The 
steam  is  led  to  the  engine  through  the  main  steam  pipe  a, 
and  before  passing  into  the  high-pressure  steam  chest  passes 
into  a separator  which  removes  the  entrained  water. 
The  exhaust  steam  from  the  high-pressure  cylinder  ^ passes 
into  the  reheating  receiver  where  the  exhaust  steam  is 
superheated  by  live  steam  taken  from  the  bottom  of  the 
separator  through  the  pipe  c.  The  dynamo  is  placed 
between  the  bearings,  its  armature  being  keyed  directly  to 
the  crank-shaft. 

The  particular  engine  shown  is  about  4,500  horsepower; 
it  has  cylinders  46  and  86  inches  diameter,  a stroke  of 
60  inches,  and  a speed  of  75  revolutions  per  minute. 

2G,  Duplex  Vertical  and  Horizontal  Compound. — 
Fig.  8 is  a perspective  view  of  an  8,000  horsepower  duplex 
compound  engine  with  the  two  cylinders  of  each  engine  at 
right  angles  to  each  other.  The  two  engines  are  duplicates 
of  each  other  and  are  so  arranged  that  either  engine  can  be 
uncoupled.  As  shown,  the  pistons  of  the  high-pressure 
cylinders  a,  a and  low-pressure  cylinders  /;,  b of  each  engine 
are  connected  to  a common  crankpin,  as  c.  The  cranks  of 
this  engine  are  placed  45°  apart,  so  that  the  crank-shaft 
receives  eight  impulses  during  each  revolution,  which  gives 
such  a uniform  turning  effect  that  the  flywheel  is  dispensed 
with,  its  place,  to  some  degree,  being  taken  by  the  revolving 
field  d of  the  dynamo.  The  steam  coming  from  the  high- 
pressure  cylinders  passes  through  reheating  receivers  e. 
The  engine  has  high-pressure  cylinders  44  inches  in  diameter. 
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the  low-pressure  cylinders  are  88  inches  in  diameter,  the 
stroke  is  GO  inches,  and  the  speed  is  75  revolutions  per 


minute.  The  engine  can  be  worked  up  to  12,000  horse- 
power. 

27.  Triangfular  Connecting-Rod  Engine. — Fig.  9 is  an 

end  view  of  one  side  of  a quadruple-expansion,  two-crank 
engine  having  the  so-called  triangular  connecting-rod 
patented  by  John  Musgrave  & Sons,  Bolton,  England. 
The  engine  is  of  the  vertical  type  and  is  fitted  with  Corliss 
valve  gear.  The  four  cylinders  are  disposed  in  pairs  on 
each  side  of  the  flywheel  or  rope  drum,  the  high-pressure 
and  first  intermediate  cylinders  being  on  one  side  of  the 
drum  and  the  second  intermediate  and  low-pressure  cylin- 
ders are  on  the  other  side.  The  crossheads  of  each  pair  of 
cylinders  are  connected  by  means  of  a pair  of  links  a,  a and 
a triangular  connecting-rod  to  a single  crank  c\  the  two 
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cranks  of  the  engine  are  opposite  each  other,  so  that  the 
weights  of  the  two  sets  of  reciprocating  parts  mutually 
balance  each  other. 


The  action  of  the  triangular  connecting-rod  is  such  that 
there  are  no  dead  centers  to  the  engine,  as  although  the 
crossheads  of  both  cylinders  are  connected  to  one  crank, 
they  are  never  at  the  ends  of  their  respective  strokes  at  the 
same  time,  and  the  turning  effort  is  the  same  as  if  they 
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were  connected  to  cranks  set  nearly  at  right  angles  to  each 
other;  that  is,  when  one  piston  is  at  the  end  of  its  stroke 
the  other  is  nearly  in  its  central  position  and  has  a very 
effective  leverage  to  turn  the  crank.  But  a further  and  very 
important  effect  of  this  arrangement  is  that  the  strains  on 
the  crank  are  gradually  changed  around  the  crankpin  from 
one  side  to  the  other;  they  are  never  suddenly  reversed,  as 
is  the  case  with  an  ordinary  engine,  and  in  consequence 
these  engines  may  be  run  at  very  high  speeds  without  any 
noticeable  jar  or  vibration.  The  triangular  connecting-rod 
mentioned  vibrates  on  a pin  d in  the  ends  of  a pair  of  levers, 
as  which  latter  swing  on  a fixed  center  just  outside  of  the 
right-hand  frame.  Extensions  of  these  levers  outside  of  the 
frames  are  made  use  of  to  work  the  air  pump.  The  motion 
of  the  ends  of  the  triangular  connecting-rod,  to  which  the 
crossheads  are  connected,  is  a vibrating  one,  due  both  to 
the  arc  formed  by  the  swinging  lever  and  to  the  circular 
path  of  the  crankpin.  In  consequence  of  this  combined 
movement,  these  ends  of  the  rod  move  up  and  down  in 
nearly  vertical  lines,  so  that  the  side  pressure  on  the  guides 
is  very  small,  in  fact  it  is  much  less  than  in  an  ordinary 
engine  with  a connecting-rod  of  the  usual  length. 


THE  RECEIVER. 

28.  In  practice  the  receiver  is  often  given  such  dimen- 
sions that  it  has  a volume  equal  to  that  of  the  low-pressure 
cylinder.  When  its  volume  is  that  large,  the  pressure  with- 
in it  varies  but  little,  so  long  as  the  weight  of  steam  supplied 
by  the  high-pressure  cylinder  in  one  revolution  of  the  engine 
is  equal  to  that  drawn  out  by  the  loAV-pressure  cylinder. 
Assuming  that  the  pressure  in  the  receiver  is  constant  and 
neglecting  the  resistance  of  the  passages  connected  Avith 
the  cylinders,  the  back  pressure  in  the  high-pressure  cylinder 
Avill  be  the  same  as  the  initial  pressure  in  the  loAV-pressure 
cylinder.  In  each  cylinder,  then,  the  steam  is  admitted, 
cut  off,  and  expanded,  just  as  if  there  Avere  two  independent 
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engines,  each  of  which  uses  the  same  weight  of  steam  per 
revolution. 

29,  The  pressure  existing  in  the  receiver  can  and  does 
exert  a marked  influence  on  the  engine,  both  in  regard  to 
its  operation  as  a machine  and  as  a heat  engine.  The 
receiver  being  a vessel  having  a constant  volume,  the  pres- 
sure within  it  depends  on  two  things  which  are  the  rate  at 
which  steam  is  discharged  into  it  and  the  rate  at  which  it  is 
drawn  out.  When  the  volume  of  steam  drawn  out  is 
greater  than  the  volume  of  steam  in  the  high-pressure 
cylinder  at  the  moment  release  begins  in  that  cylinder,  it 
will  be  apparent  that  the  exhaust  steam  rushing  into  the 
receiver  must  expand  to  the  volume  drawn  from  the  receiver. 
In  expanding,  the  pressure  of  the  exhaust  steam  drops,  so 
that-  the  pressure  in  the  receiver,  and  of  course  the  back 
pressure  on  the  high-pressure  piston,  is  less  than  the  pres- 
sure at  the  time  of  release.  This  difference  in  pressure  at 
the  time  of  release  and  in  the  receiver  is  termed  drop. 

30,  When  saturated  steam  is  allowed  to  expand  without 
doing  any  work,  as  is  the  case  when  the  receiver  pressure  is 
less  than  the  pressure  at  the  point  of  release,  the  steam 
becomes  superheated  to  an  extent  depending  on  the  drop. 
The  effect  of  this  superheating  is  to  partially  or  entirely 
evaporate  any  water  in  the  steam,  thus  making  it  drier  and 
tending  to  reduce  the  initial  condensation  in  the  low-pressure 
cylinder.  It  may  be  incidentally  remarked  here  that  the 
expanding  of  steam  without  doing  any  work  is  termed  free 
exx)ansiou. 

31,  The  most  economical  receiver  pressure  for  a given 
engine  can  only  be  found  by  experiment,  regulating  the 
pressure  and  noting  the  effect  upon  the  steam  consumption. 
The  receiver  pressure  is  regulated  in  several  ways.  First, 
by  making  the  cut-off  later  in  the  high-pressure  cylinder 
and  leaving  the  low-pressure  cut-off  as  before.  Since  there 
is  now  a larger  volume  of  steam  entering  the  receiver,  the 
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receiver  pressure  will  be  higher.  The  initial  pressure  will 
also  be  higher  in  the  low-pressure  cylinder,  and  the  cut-off 
being  the  same  as  before,  the  mean  effective  pressure  will 
be  greater.  Since  the  mean  effective  pressure  in  the  high- 
pressure  cylinder  is  also  greater,  it  is  seen  that  the  effects  of 
a later  cut-off  in  the  high-pressure  cylinder  is  an  increase  of 
the  power  of  the  engine. 

32,  Making  the  cut-off  earlier  in  the  high-pressure  cylin- 
der means  a lower  pressure  at  release  and  a lower  receiver 
pressure ; consequently,  the  mean  effective  pressures  in  the 
two  cylinders,  and  hence  the  power  of  the  engine,  are 
decreased  by  this  means. 

33.  The  amount  of  drop  can  only  be  regulated  by  means 
of  the  low-pressure  cut-off.  Thus,  leaving  the  cut-off  of 
the  high-pressure  cylinder  as  before,  the  pressure  at  release 
will  be  the  same.  But  if  the  cut-off  is  made  later  in  the 
low-pressure  cylinder,  a larger  volume  of  steam  will  be 
drawn  from  the  receiver,  and,  consequently,  the  receiver 
pressure  will  be  less  and  the  drop  more.  Conversely,  if  the 
low-pressure  cut-off  is  made  earlier,  there  will  be  less  steam 
drawn  from  the  receiver,  and  hence  the  receiver  pressure 
will  be  higher  and  the  drop  less. 


GOVERNING  A COMPOUND  ENGINE. 

34.  Obviously  a change  in  the  receiver  pressure  due  to 
a manipulation  of  the  low-pressure  cut-off  will  change 
materially  the  amount  of  work  done  in  each  cylinder, 
although  it  will  leave  the  total  work  done  by  the  two  cylin- 
ders the  same  as  before.  Thus,  if  the  receiver  pressure  is 
lowered  by  making  the  low-pressure  cut-off  later,  the  back 
pressure  obviously  will  be  less  in  the  high-pressure  cylinder, 
and  hence  the  mean  effective  pressure  will  be  more,  so  that 
the  high-pressure  cylinder  will  now  be  doing  more  work. 
Since  the  total  amount  of  work  done  remains  the  same  as 
before,  it  follows  that  the  low-pressure  cylinder,  in  spite  of 
its  later  cut-off,  will  now  be  doing  less  work.  Conversely, 
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if  the  receiver  pressure  is  raised  by  making  the  low-pressure 
cut-off  earlier,  less  work  will  be  done  in  the  high-pressure 
cylinder  and  more  in  the  low-pressure  cylinder. 

35.  From  the  foregoing  statements  it  will  be  plain  that 
in  order  to  change  the  power  of  the  engine,  the  high-pres- 
sure cut-off  must  be  changed,  while  in  order  to  change  the 
distribution  of  work  in  the  two  cylinders,  the  low-pressure 
cut-off  must  be  changed.  This  will  explain  why  the  govern- 
ing mechanism  of  many  compound  engines  operates  upon 
the  high-pressure  cut-off,  which  manner  of  governing  is  open 
to  one  serious  objection,  however.  When  the  governor 
makes  the  high-pressure  cut-off  later  in  responding  to  an 
increase  of  load,  the  larger  share  of  the  total  work  will 
be  done  in  the  low-pressure  cylinder;  conversely,  if  the  gov- 
ernor makes  the  cut-off  in  the  high-pressure  cylinder  earlier, 
the  larger  share  of  the  work  will  be  done  in  the  high-pressure 
cylinder,  and  at  very  early  cut-offs  the  low-pressure  cylinder 
may  then  actually  be  a drag  on  the  engine. 

36.  In  order  to  overcome  the  objectionable  features  of 
controlling  only  the  high-pressure  cut-off,  many  compound 
engines  have  the  governor  operate  both  the  high-pressure 
and  the  low-pressure  cut-offs.  In  that  case  the  governor 
operates  the  high-pressure  cut-off  in  order  to  change  the 
power  of  the  engine  and  the  low-pressure  cut-off  in  order 
to  equalize  the  work  done  in  the  two  cylinders.  That  is, 
when  the  governor  makes  the  cut-off  later  in  the  high- 
pressure  cylinder,  it  also  makes  it  later  in  the  low-pressure 
cylinder;  conversely,  when  the  load  is  lighter,  the  governor 
makes  the  cut-off  earlier  in  both  cylinders. 


RECEIVER  FITTINGS. 

37.  Receivers  should  always  be  fitted  with  gauges  regis- 
tering from  zero  to  the  maximum  pressure  in  one  direction 
and  from  zero  to  30  inches  of  vacuum  in  the  other  direction, 
i.  e.,  with  compound  gauges.  The  receiver  should  also  be 
fitted  with  pop  safety  valves  of  large  capacity,  so  that  in 
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case  the  low-pressure  cut-off  should  be  set  too  early,  or,  if 
a releasing  gear  is  used,*  if  the  gear  should  fail  to  open  the 
low-pressure  admission  valves,  the  steam  would  be  relieved. 
Otherwise,  the  high-pressure  cylinder,  aided  by  the  momen- 
tum of  the  flywheel,  would  pump  the  receiver  full  of  steam 
and  cause  it  to  explode. 


SETTING  THE  VAEVES  OF  MULTIPLE-EXPANSION  ENGINES. 

38.  In  setting  the  valves  of  horizontal,  compound,  and 
triple-expansion  engines,  considerable  more  lead  should  be 
given  in  the  low-pressure  cylinder.  The  lead  for  a 48-inch, 
low-pressure,  condensing  cylinder  could  be  from  ^ to  -/-g  inch, 
and  if  the  back  pressure  is  very  low  the  lead  may  be  some- 
what larger.  The  valves  of  each  cylinder  of  a compound 
and  triple-expansion  engine  must  be  set  in  relation  to  the 
crank  on  which  that  cylinder  is  doing  its  work.  For  vertical 
engines  it  is  customary  to  give  a little  more  lead  on  the  bot- 
tom than  on  the  top,  for  the  reason  that  the  force  required 
to  accelerate  the  reciprocating  parts  is  greater  on  the  up 
stroke  than  on  the  down  stroke,  due  to  the  weight  of  the 
reciprocating  parts.  In  many  of  the  valve  gears  now  in  use, 
the  action  of  the  valve  is  so  quick  at  the  instant  of  opening 
that  many  engineers  now  measure  the  lead  not  in  the 
amount  that  the  valve  is  open  when  the  engine  is  on  the 
center,  but  by  the  position  of  the  crank  when  the  valve 
begins  to  open.  The  practice  with  some  engineers  is  to 
have  the  valve  begin  to  open  when  the  crank  is  yet  15°  from 
the  dead  center.  This  angle,  however,  may  be  regarded  as 
a limit  rather  than  as  an  average.  Perhaps  7°  to  10°  would 
be  the  average. 


EQUALIZING  WORK  HONE  IN  THE  CYLINDERS. 

30.  The  question  of  whether  or  not  it  is  necessary  that 
both  cylinders  of  a compound  engine  should  do  an  exactly 
equal  amount  of  work  is  at  present  in  a somewhat  unsettled 
state  as  far  as  cross-compound  engines  are  concerned.  From 
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the  builder’s  standpoint  it  is  more  desirable  to  have  the 
initial  loads  on  the  piston  rods,  crossheads,  connecting-rods, 
and  crankpins  equal  in  order  that  these  parts  may  be  dupli- 
cates and  yet  of  equal  strength.  The  initial  load  is  given 
by  multiplying  the  area  of  the  piston  by  the  initial  steam 
pressure.  Obviously,  it  is  independent  of  the  cut-off,  that 
is,  the  initial  load  is  the  same  whether  the  cut-off  is  at  yV 
of  the  stroke,  so  that  it  can  be  readily  seen  that  there  is 
no  relation  between  the  initial  load  and  the  work  done  in 
the  cylinder.  Consequently,  it  is  entirely  possible  with  an 
equal  division  of  work  to  have  the  maximum  stresses  on  the 
parts  of  one  side  of  the  engine  far  in  excess  of  those  on  the 
parts  of  the  other  side.  For  this  reason  it  is  urged  by  many 
engineers  that  in  cross-compound  engines,  where  the  parts 
previously  named  are  in  duplicate,  to  so  distribute  the  work 
that  the  initial  loads  will  be  approximately  equal. 

40,  Opinions  differ  as  to  whether  a cross-compound 
engine  will  run  more  satisfactory  when  the  work  is  equally 
divided,  and  a decision  one  way  or  the  other  is  best  based  on 
an  actual  trial.  The  mechanical  operation  of  the  engine  is 
here  referred  to,  not  its  economy. 

41.  In  tandem  compounds  the  work  is  generally  evenly 
distributed  between  the  cylinders,  but  even  quite  a percep- 
tible variation  seems  to  have  no  harmful  effect,  as  far  as  the 
quiet  running  of  the  engine  is  concerned. 

43.  In  practice  it  is  probably  the  best  plan  with  a 
given  engine,  when  the  design  permits  it,  to  distribute  the 
work  between  the  cylinders  so  as  to  obtain  the  smallest  pos- 
sible water  consumption  compatible  with  steady  and  satis- 
factory running.  This  object  in  any  case  can  only  be 
attained  by  repeated  trials,  changing  the  receiver  pressures 
in  order  to  change  the  work  done  in  each  cylinder  and 
noting  the  water  consumption  after  each  change.  In  other 
words,  it  is  the  best  plan  to  try  to  secure  the  highest 
economy  obtainable  in  conjunction  with  a satisfactory 
mechanical  operation. 
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43.  In  many  compound  engines,  especially  in  engines  of 
the  high-speed  type,  the  distribution  of  work  in  the  two 
cylinders  has  been  determined  upon  by  the  builder  and  can- 
not be  changed  by  any  means  at  the  command  of  the  atten- 
dant. The  valves  of  both  cylinders  are  generally  under  the 
control  of  the  governor,  and  the  angle  of  advance  then 
being  a fixed  quantity,  whi^h  cannot  readily  be  changed,  it 
follows  that  all  the  attendant  can  do  is  to  keep  the  valves 
centrally  set  and  the  engine  in  first-class  running  condition. 
There  is  little  or  no  chance  to  improve  the  economy,  i.  e.,  to 
lower  the  steam  consumption,  at  least,  as  far  as  the  engine 
itself  is  concerned. 


THE  STEAM  JACKET. 

44.  When  the  cylinder  of  an  engine  is  surrounded  with 
a casing  and  the  space  between  the  cylinder  and  casing  is 
filled  with  live  steam  during  running,  the  cylinder  is  said  to 
be  steam-jacketed.  In  comparatively  slow-speed  engines, 
say  up  to  150  revolutions  per  minute,  using  saturated 
steam,  a properly  applied  and  properly  cared  for  steam 
jacket  will  generally  produce  a distinct  gain  in  economy, 
while  one  that  is  improperly  applied  or  cared  for  will  prove 
a loss  and  sometimes  a very  serious  one.  If  possible  it  is 
always  better  to  use  steam  of  a higher  temperature  in  the 
jacket  than  that  which  enters  the  cylinder.  In  a compound 
engine  a jacket  may  be  applied  to  the  high-pressure  cylin- 
der and  the  receiver,  and  in  a triple-expansion  engine  to  the 
first  and  second  cylinders  and  both  receivers,  but  in  neither 
case  need  it  be  applied  to  the  low-pressure  cylinder.  The 
object  of  the  steam  jacket  is  to  prevent  condensation  taking 
place  in  the  cylinder;  if  the  steam  that  runs  the  engine  can 
be  superheated  sufficiently  to  prevent  initial  condensation, 
there  will  then  be  no  need  of  a steam  jacket,  and  the 
engine  will  be  more  economical  without  a steam  jacket  than 
with  one. 

45.  In  order  to  gain  a clear  understanding  of  why  a steam 
jacket  under  proper  conditions  will  improve  the  economy. 
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the  action  of  the  steam  that  actually  takes  place  in  a steam 
cylinder  after  the  engine  is  fairly  started  and  when  using 
ordinary  saturated  steam  should  be  understood.  This  action 
in  an  unjacketed  cylinder  is  as  follows: 

Steam  enters  at  the  beginning  of  the  stroke,  and  as  it  is 
hotter  than  the  metal  with  which  it  comes  in  contact,  a 
portion  of  the  entering  steam  is  condensed  in  heating  up  the 
cylinder  head,  piston,  and  cylinder  to  the  temperature  of 
the  steam.  As  the  piston  moves  forwa  rds,  uncovering  fresh 
surfaces  of  the  cylinder,  the  condensation  continues  until 
after  the  admission  of  steam  ceases — i.  e.,  until  the  point  of 
cut-off  is  reached.  The  steam  then  commences  to  expand 
and  correspondingly  lowers  in  pressure  and  temperature, 
and  unless  the  steam  is  cut  off  very  early  in  the  stroke,  no 
further  condensation  occurs  after  the  cut-off  has  taken  place 
(although  for  some  distance  further  the  piston  uncovers 
fresh  surfaces  of  the  cylinder  that  are  cooler  than  the  steam) 
for  the  reason  that,  as  soon  as  the  temperature  of  the  steam 
falls  through  expansion,  the  head,  piston,  and  walls  of  the 
cylinder  already  heated  begin  to  give  up  their  heat  to  the 
steam  and  prevent  further  condensation  taking  place.  As 
the  expansion  is  carried  still  farther  and  'the  temperature  of 
the  steam  correspondingly  lowered,  a portion  of  the  water 
previously  condensed  is  reevaporated  into  steam  by  the  heat 
given  up  by  the  piston,  cylinder,  and  head,  raising  the  termi- 
nal pressure  in  the  cylinder.  When  the  piston  arrives  at 
the  end  of  the  stroke,  the  exhaust  valve  opens  and  the  pres- 
sure and  temperature  of  the  steam  lowers  immediately,  the 
remainder  of  the  water  previously  condensed  then  being 
reevaporated  by  the  heat  extracted  from  the  cylinder  walls, 
piston,  and  head,  and  passes  out  with  the  exhaust  steam. 
The  exhaust  steam  is  much  colder  than  the  metal,  and  during 
the  whole  of  the  return  stroke  is  absorbing  heat  from  the 
piston,  cylinder  walls,  and  head,  lowering  their  temperature, 
which  has  to  be  raised  again  by  the  steam  entering  for  the 
next  forward  stroke.  The  action  of  the  heat  above  described 
takes  place  very  quickly  and  affects  the  metal  of  the  cylinder 
and  head  to  a slight  depth  only,  as  there  is  not  time  for  it  to 
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penetrate  very  deeply;  but  it  affects  it  at  each  stroke  of  the 
engine,  and  a small  loss  each  stroke  aggregates  a very  large 
one  during  the  day’s  run.  This  action  is  also  greatly  increased 
by  water  held  in  suspension  or  entrained  in  the  steam;  it  is 
therefore  important  that  dry  steam  only  should  be  used. 

4U.  The  action  that  takes  place  in  a steam-jacketed  cylin- 
der is  quite  different,  as  thefollowingdescription will  indicate: 
Suppose  the  jackets  to  contain  steam  at  the  same  tempera- 
ture as  the  steam  entering  the  cylinder — this  being  the  usual 
case  with  the  high-pressure  cylinder  of  a compound  or  triple- 
expansion engine — and  also  suppose  the  jackets  to  be  so 
arranged  that  neither  air  nor  water  can  collect  and  interfere 
with  their  usefulness.  At  the  beginning  of  the  stroke  the 
cylinder  and  head  will  be  at  the  same  temperature  as  the 
entering  steam,  and  none  of  the  entering  steam  will  be  con- 
densed by  them,  as  in  the  case  of  an  unjacketed  cylinder; 
the  piston  itself  will  be  in  the  same  condition  as  before,  and  a 
portion  of  the  steam  will  be  condensed  and  reevaporated  by 
it.  Af-ter  the  admission  of  steam  ceases  and  the  temperature 
of  the  steam  inside  the  cylinders  becomes  less  through  expan- 
sion, heat  is  transferred  from  the  cylinder  walls  to  this  steam, 
reevaporating  the  small  amount  of  water  condensed  by  the 
piston.  The  walls,  in  turn,  absorb  heat  from  the  steam  in 
the  jacket,  condensing  some  steam  in  the  jacket,  but  main- 
taining the  cylinder  at  nearly  an  even  temperature.  When 
the  exhaust  valve  opens  and  the  pressure  and  temperature 
of  the  steam  in  the  cylinder  become  lower,  there  is  no  water 
to  reevaporate ; but  as  the  steam  inside  the  cylinder  is  then 
much  cooler  than  the  walls  of  the  cylinder,  it  absorbs  heat 
from  them  during  the  whole  of  the  return  stroke,  which 
heat,  in  turn,  is  absorbed  from  the  steam  in  the  jacket,  and 
this  heat  is  practically  wasted.  The  actual  gain  effected  by 
the  use  of  a steam  jacket  on  a cylinder  is  the  difference 
between  the  saving  due  to  the  prevention  of  condensation  in 
the  cylinder  at  the  beginning  of  the  stroke  and  the  loss  by 
heating  the  exhaust  steam  during  the  return  stroke;  and  this 
gain  may  in  many  cases  be  very  slight. 
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REIIEATEKS. 

47.  A relieater  is  a modification  of  the  receiver  com- 
monly used  in  multiple-expansion  engines  and  consists 
essentially  of  a receiver  containing  coils  or  nests  of  small 
pipes,  through  which  high-pressure  steam  circulates  and 
which  are  so  arranged  that  the  working  steam  must  circu- 
late around  them  thoroughly  and  become  relieated,  from 
which  fact  the  apparatus  receives  its  name.  Formerly, 
receivers  were  simply  reservoirs  placed  between  the  cylin- 
ders. The  next  step  was  to  provide  these  receivers  with 
steam  jackets,  and  from  noticing  the  economy  obtained 
from  the  steam-jacketed  receiver,  the  reheater  was 
developed.  It  is  claimed  by  advocates  of  the  reheater 
that  a gain  of  10  per  cent,  can  be  realized  by  their 
use  under  favorable  conditions.  This,  however,  depends 
entirely  on  circumstances,  and  a reheater,  instead  of  causing 
a gain,  may  cause  a positive  loss.  Furthermore,  it  can 
seldom  or  never  be  predicted  beforehand  whether  a reheater 
will  be  a gain  or  a loss.  However,  it  can  always  be 
determined  afterwards  whether  the  action  of  the  reheater 
is  profitable.  If  a thermometer  placed  in  the  low-pressure 
exhaust  shows  that  the  temperature  of  the  exhaust  steam 
is  higher  than  that  corresponding  to  its  pressure,  the 
reheater  is  wasting  heat,  and  the  reheating  should 
be  abandoned.  In  proportioning  the  reheating  surface, 
40  square  feet  of  surface  are  generally  allowed  for  every 
cubic  foot  of  steam  swept  into  the  reheater  by  the  high- 
pressure  piston  during  exhaust. 

48.  Fig.  10  shows  a common  form  of  a reheater.  It 
consists  of  a cast-iron  or  wrought-iron  shell  having  at  one 
end  a tube  plate  b secured  between  the  shell  a and  cover  c. 
A large  number  of  wrought-iron  boiler  tubes,  as  are 
expanded  into  this  tube  plate.  These  boiler  tubes  are 
expanded  at  the  other  end  into  the  tube  plate  which  is 
bolted  to  the  head  f.  It  will  be  noticed  that  the  head  e and 
tube  plate  /"form  a vessel  that  is  independent  of  the  shell  of 
the  receiver,  so  that  the  tubes  are  perfectly  free  to  expand 
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or  contract.  The  right-hand  end  of  the  reheater  is  closed 
by  the  cover  g through  which  the  steam  pipe  h and  air  drain 
pipe  i pass.  Stuffingboxes  are  used  to  make  a steam-tight 
joint  where  these  pipes  pass  through  the  head.  An  auto- 
matic air  valve  is  generally  attached  to  the  pipe  through 
which  the  air  is  discharged  when  starting  up  and  which 
closes  as  soon  as  steam  reaches  it.  The  pipe  h serves  as  a 
drain  and  is  led  to  a trap.  The  drain  for  the  shell  is 
attached  at  k and  is  also  led  to  a trap. 


The  exhaust  from  the  high-pressure  cylinder  enters  at  / 
and  is  compelled  by  the  baffle  plate  in  Xo  flow  in  the  path 
indicated  by  the  arrows  over  the  tubes  and  Anally  passes 
through  the  opening  n to  the  low-pressure  steam  chest. 
Live  steam  at  boiler  pressure  is  admitted  to  the  tubes 
through  the  pipe  o and  leaves  through  h. 

40.  For  very  large  engines  reheaters  are  often  con- 
structed similar  to  tubular  boilers,  the  tubes  being  expanded 
into  rigid  tube-sheets  riveted  to  the  shell.  The  working 
steam,  then,  generally  passes  through  the  tubes,  while  the 
steam  used  for  reheating  circulates  outside  of  them.  With 
such  a reheater  it  is  a good  plan  to  take  the  live  steam  for 
the  reheater  from  a connection  placed  between  the  throttle 
and  the  engine.  If  this  is  done,  steam  will  be  admitted  to 
both  sides  of  the  reheater  as  soon  as  the  engine  is  started, 
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and,  in  consequence,  its  expansion  will  be  more  uniform, 
which  renders  it  less  liable  to  leakage  around  the  tube  ends. 

50.  A reheating  receiver  should,  in  general,  never  be 
used  when  the  engine  uses  superheated  steam,  for  the 
reason  that  the  steam  entering  the  receiver  usually  con- 
tains enough  superheat  to  prevent  initial  condensation,  and 
the  use  of  a reheating  receiver  under  these  conditions  will 
result  in  a direct  waste  of  heat. 


CALCULATIONS  PERTAINING  TO  COM- 
POUND ENGINES. 


RATIO  OF  EXPANSION. 


RATIO  OF  EXPANSION  BY  VOEUME. 

51.  The  ratio  of  expansion  of  a multiple-expansion 
engine  is  generally  given  as  the  ratio  between  the  volume  of 
steam  admitted  to  the  high-pressure  cylinder  and  the 
volume  of  steam  in  the  low-pressure  cylinder  at  low- 
pressure  release,  that  is,  at  the  time  the  low-pressure 
exhaust  valve  opens.  The  ratio  of  expansion  is  independ- 
ent of  the  low-pressure  cut-off  or  volume  of  the  receiver. 

52,  The  ratio  of  expansion  of  a multiple-expansion 
engine  may  be  found  in  two  different  ways.  _In  the 
formulas  corresponding  to  the  following  rules; 

E — total  ratio  of  expansion ; 

r=  volume  of  high-pressure  cylinder  up  to  the  point  of 
cut-off,  including  clearance; 

V — volume  of  low-pressure  cylinder  at  release,  including 
the  clearance ; 

e = ratio  of  expansion  in  the  high-pressure  cylinder; 

— volume  swept  through  by  high-pressure  piston, 
clearance  included. 
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Rule  1. — To  find  the  total  ratio  of  expomsion^  divide  the 
"volume  of  the  low-pressure  eyliuder  up  to  the  point  of  release 
and  including  clearauee  by  the  volume  of  the  high-pressure 
cylinder  up  to  the  point  of  cut-off  and  including  clearance. 


Or, 


Rule  3. — To  find  the  total  ratio  of  expansion.^  multi  ply 
the  ratio  of  expansion  of  the  high-pressiire  cylinder  by  the 
volume  of  the  low-pressure  cylinder  up  to  the  point  of  release 
and  divide  by  the  volume  swept  through  by  the  high-pressure 
piston.^  clearance  included. 


When  applying  rules  1 and  3 to  a triple-expansion  or 
quadruple-expansion  engine,  the  intermediate  cylinders  are 
to  be  neglected  entirely;  that  is,  consider  only  the  first 
and  last  cylinders.  The  ratio  of  expansion  calculated  by 
rules  1 and  3 is  known  as  the  ratio  of  expansion  Ey 
volume,  and  when  the  expression  ‘‘ratio  of  expansion”  is 
used  without  any  particular  qualification,  it  is  always  under- 
stood to  mean  by  volume. 


Example  1. — The  volume  of  the  high-pressure  cylinder  of  a triple- 
expansion engine,  up  to  the  point  of  cut-off,  is  650  cubic  inches ; the 
volume  of  the  low-pressure  cylinder  is  13,650  cubic  inches.  What  is 
the  total  ratio  of  expansion  ? 

SOLUTION; — Applying  rule  1,  we  have 

A=ifffa  = 21.  Ans. 


Example  2. — The  volume  of  the  low-pressure  cylinder  of  a com- 
pound engine  is  16,548  cubic  inches.  The  volume  swept  through  by 
the  high-pressure  piston,  including  clearance,  is  4,234  cubic  inches. 
The  ratio  of  expansion  of  the  Jiigh-pressure  cylinder  being  2.6,  what  is 
the  total  ratio  of  expansion  ? 


Solution. — Applying  rule  3,  we  have 


„ 2.6  X 16,548  ^ 

L — = 10.16.  Ans. 


4,234 
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RATIO  OF  EXPAXSIOX  BY  PRESSURE. 

53.  The  ratio  of  expansion  of  a multiple-expansion 
engine  is  sometimes  given  as  the  ratio  between  the  absolute 
pressure  at  the  point  of  cut-off  in  the  high-pressure  cylinder 
and  the  absolute  pressure  in  the  low-pressure  cylinder  at 
the  point  of  release.  The  ratio  of  expansion  by  pressure  is, 
for  the  same  engine,  always  greater  than  the  ratio  of 
expansion  by  volume,  owing  to  drop  in  the  receiver.  The 
absolute  pressures  are  taken  by  measurement  from  indicator 
diagrams. 


HORSEPOWER  OF  COMPOI  XD  ENGINES. 


CALCULATIXG  THE  IXUICATEl)  HORSEPOWER. 

54.  The  indicated  horsepower  of  a compound  or  triple- 
expansion  engine  is  calculated  from  the  indicator  diagrams 
in  exactly  the  same  manner  as  with  any  simple  engine,  con- 
sidering each  cylinder  as  a simple  engine  and  .adding  the 
horsepowers  of  the  engines  together.  In  taking  the  indica- 
tor cards  from  a compound  engine,  the  precaution  of  taking 
the  cards  simultaneously  from  all  cylinders  must  be  observed, 
especially  when  the  engine  runs  under  a variable  load,  since 
otherwise  an  entirely  wrong  distribution  of  power  may  be 
shown,  and  there  may  also  be  a great  variation  between  the 
indicated  horsepower  really  existing  and  that  calculated 
from  diagrams  taken  at  different  times. 

55.  The  indicated  horsepower  of  compound  engines  is 
sometimes  found  by  referring  the  mean  effective  pressure  of 
the  high-pressure  cylinder  to  the  low-pressure  cylinder  and 
calculating  the  horsepower  of  the  engine  on  the  assumption 
that  all  the  work  is  done  in  the  low-pressure  cylinder.  To 
do  this,  the  mean  effective  pressures  of  the  two  cylinders 
are  found  from  indicator  diagrams;  the  mean  effective 
pressure  of  the  high-pressure  cylinder  is  then  divided  by  the 
ratio  of  the  volume  of  the  low-pressure  cylinder  to  that  of 
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the  high-pressure  cylinder,  and  the  quotient  is  added  to  the 
mean  effective  pressure  of  the  low-pressure  cylinder. 
The  sum  is  then  taken  as  the  mean  effective  pressure  of  the 
engine,  and  the  area  of  the  low-pressure  piston  as  the  piston 
area;  with  these  data,  the  length  of  stroke  and  the  number 
of  strokes,  the  horsepower  is  computed  as  for  any  simple 
engine.  In  the  case  of  a triple-expansion  engine,  the  mean 
effective  pressures  of  the  high-pressure  and  intermediate 
cylinders  are  referred  to  the  low-pressure  cylinder  and 
added  to  its  mean  effective  pressure.  While  this  method 
shortens  the  labor  of  computing  the  horsepower,  it  obviously 
does  not  show  the  distribution  of  work  between  the  cylin- 
ders, and  for  this  reason  is  going  rapidly  out  of  use. 


ESTIMATING  THE  INDICATED  HORSEPOWER. 

56.  The  horsepower  of  a multiple-expansion  engine 
cannot  be  estimated  with  any  great  degree  of  accuracy, 
and  in  practice  it  would  be  considered  a satisfactory  result 
if  the  indicated  horsepower  and  estimated  horsepower  agree 
within  10  per  cent. 

5K,  The  difficulty  of  determining  the  horsepower  is  due 
to  the  fact  that  the  mean  effective  pressure  cannot  be  esti- 
mated very  closely,  and  for  this  reason  it  is  better  to  take 
the  mean  effective  pressure  from  diagrams  whenever  this  is 
feasible. 

58.  The  horsepower  of  a multiple-expansion  engine  is 
estimated  by  estimating  the  horsepower  of  a simple  expan- 
sive engine  having  the  same  dimensions  as  the  low-pressure 
cylinder,  the  same  piston  speed,  the  same  initial  pressure, 
and  the  same  total  ratio  of  expansion.  The  problem  then 
resolves  itself  into  finding  the  probable  mean  effective  pres- 
sure of  this  equivalent  simple  expansive  engine. 

59.  To  estimate  the  probable  mean  effective  pressure,  it 
is  necessary  to  assume  an  initial  and  a terminal  pressure  in 
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order  to  determine  the  probable  ratio  of  expansion  by  pres- 
sure. With  a steam  pipe  of  ample  size  and  the  throttle 
wide  open,  the  initial  pressure  in  the  high-pressure  cylinder 
will  probably  average  5 pounds  per  square  inch  below  the 
boiler  pressure.  The  terminal  pressure,  i.  e.,  the  pressure 
at  the  point  of  release  in  the  low-pressure  cylinder,  may 
be  assumed  to  average  9 pounds  absolute  in  condensing 
engines  and  19  pounds  absolute  in  non-condensing  engines. 
Then,  the  total  ratio  of  expansion,  by  pressure,  will  be  the 
' absolute  initial  pressure  divided  by  the  absolute  terminal 
pressure.  This  determination  of  one  of  the  factors  (the 
total  ratio  of  expansion),  being  based  on  assumptions  that 
may  differ  considerably  from  the  conditions  actually  exist- 
ing, will  serve  to  show  why  the  determination  of  the  mean 
effective  pressure  is  only  approximate  at  best,  and  that, 
hence,  the  horsepower  of  the  engine  cannot  be  estimated 
with  any  great  degree  of  accuracy. 

Rule  3. — To  estimate  the  probable  mean  effective  pressure 
of  a simple  expansive  engine  equivalent  in  pozver  to  a given 
multiple-expansion  engine^  multiply  the  estimated  initial  abso- 
lute pressure  in  the  high-pressure  cylinder  by  the  factor  oppo- 
site the  ratio  of  expansion  in  Table  /.  Subtract  the  estimated 
back  pressure  and  multiply  the  remainder  by  the  factor  corre- 
sponding to  the  type  of  engine  and  given  in  Table  II. 

Or,  p„  = {piC-pi)-xf, 

where  = mean  effective  pressure ; 

pi  = initial  absolute  pressure  in  the  high-pressure 
cylinder; 

c — factor  taken  from  Table  I ; 
pi,  = absolute  back  pressure; 
f — factor  taken  from  Table  II. 

The  absolute  back  pressure  may  be  estimated  at  17  pounds 
for  non-condensing  engines  and  3 pounds  for  condensing 
engines.  The  values  here  given  are  average  values  and 
may  vary  somewhatjrom  the  true  values  that  may  actually 
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TABEE  I. 


FACTORS  CORRESPOXOING  TO  RATIOS  OF  EXPAXSIOX. 


Ratio  of 
Expansion. 

Factor. 

Ratio  of 
Expansion. 

Factor. 

Ratio  of 
Expansion. 

Factor. 

Ratio  of 
Expansion. 

Factor. 

1.32 

.9GG 

2.8G 

.717 

7.00 

.421 

16.0 

.236 

1.48 

.940 

3.00 

.G99 

8.00 

.385 

17.0 

.226 

1.54 

.929 

3 . 33 

.GGl 

8.50 

.369 

18.0 

.216 

l.GO 

.918 

3 . G3 

.631 

9.00 

.355 

19.0 

.207 

1.6G 

.90G 

4.00 

.596 

10.00 

.330 

20.0 

.199 

1.82 

.878 

4.44 

.561 

11.00 

.309 

21.0 

.192 

2.00 

.84G 

5.00 

.522 

12.00 

.290 

22.0 

.186 

2.22 

-.809 

5.71 

.480 

13.00 

.274 

24.0 

.174 

2.50 

.7GG 

G.OO 

.465 

14.00 

.260 

26.0 

.164 

2.GG 

.744 

G.GO 

.434 

15.00 

.247 

28.0 

.155 

TABEE  II. 


FACTORS  CORRESPOXDIXG  TO  TYPE  OF  EXGIXE. 


Type  of  Engine. 

Ratio  of 
Expansion. 

Factor. 

Compound,  non-condensing  Corliss 

6-12 

.85 

Compound,  condensing  Corliss 

12-18 

.80 

Compound,  non-condensing  slide-valve.  . 

6-12 

.75 

Compound,  condensing  slide-valve 

12-18 

.70 

Triple-expansion,  condensing  Corliss.  . . . 

18-27 

.72 

Triple-expansion,  condensing  slide-valve 

18-27 

.60 
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obtain  with  a o^iven  engine,  and  thus  another  source  of 
error  is  introduced  in  the  estimation  of  the  mean  effective 
pressure. 

()(>.  The  mean  effective  pressure  having  been  estimated 
by  rule  3,  the  horsepower  is  calculated  by  multiplying 
together  the  estimated  mean  effective  pressure,  the  length 
of  stroke  in  feet,  the  area  of  the  low.-pressure  piston  in 
square  inches,  and  the  number  of  strokes  per  minute,  and 
dividing  the  product  by  33,000.  It  will  be  noticed  that  this 
is  the  same  rule  by  which  the  horsepower  of  any  simple 
engine  is  calculated. 

Example. — Estimate  the  probable  horsepower  of  a triple-expansion 
engine  having  cylinder  diameters  of  22,  85,  and  56  inches;  a common 
stroke  of  86  inches;  a speed  of  140  revolutions  per  minute;  and  a boiler 
pressure  of  175  pounds.  The  engine  is  condensing  and  fitted  with 
piston  valves  throughout. 

Solution. — The  absolute  initial  pressure  may  be  estimated  at 
(175  + 14.7)  — 5 :=  184.7,  say  185  pounds  per  square  inch.  The  ter- 
minal pressure,  by  Art.  59,  may  be  taken  as  9 pounds.  Then  the  ratio 
of  expansion  by  pressure  is  = 20.55.  By  Table  I,  the  factor  for  a 
ratio  of  expansion  of  20  is  .199,  and  for  21  is  .192.  Since  20.55  is  about 
midway  between  20  and  21,  the  factor  to  be  used  may  safely  be  assumed 
to  be  midway  between  .199  and  .192,  say  .195.  The  back  pressure,  by 
Art.  59,  may  be  estimated  at  8 pounds.  Since  the  engine  is  fitted 
with  piston  valves,  which  are  the  equivalent  of  slide  valves,  the  factor 
to  be  taken  from  Table  II  is  .6. 

Applying  rule  3,  we  get 

= (1B5  X -195  — 8)  X .6  = 19.8  pounds  per  square  inch.  • 

Then,  the  probable  indicated  horsepower 


19.8  X ft  X 56'^  X .7854  X 2 X 140 

88,000 


= 1,241.85,  say  1,250. 


Ans. 


CVEINDEU  VOEUMES. 

61.  The  average  ratios  of  cylinder  volumes  of  compound 
and  triple-expansion  engines  with  different  steam  pressures 
are  given  in  Table  III. 
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AVERAGE  RATIOS  OF  CYLINDER  VOLUMES. 


Initial 

Steam 

Pressure, 

Gauge. 

High- 

Pressure 

Cylinder. 

Inter- 

mediate 

Cylinder. 

Low- 

Pressure 

Cylinder. 

Remarks. 

100 

1 

2.60 

Non-condensing 

100 

1 

3.60 

Condensing 

110 

1 

3.80 

Condensing 

120 

1 

4.00 

Condensing 

130 

1 

4.15 

Condensing 

140 

1 

4.30 

Condensing 

150 

1 

4.45 

Condensing 

160 

1 

4.60 

Condensing 

160 

1 

3.00 

7.00 

Condensing 

185 

1 

3.33 

7.80 

Condensing 

ENGINE  MANAGEMENT. 

(PART  1.) 


TAKma  CHARGE. 

1.  The  first  duty  of  an  engineer  in  taking  charge  of  a 
power  plant  is  to  make  a thorough  inspection  of  all  parts  of 
it  in  order  to  become  familiar  with  every  detail  of  the 
engines,  boilers,  pumps,  and  their  appurtenances.  He 
should  notice  particularly  if  any  parts  of  the  engines, 
pumps,  etc.,  such  as  cylinder  heads,  valve-chest  covers, 
pump  or  condenser  bonnets,  connecting  or  eccentric  rods, 
are  disconnected  or  removed.  If  any  parts  have  been 
removed,  advantage  should  be  taken  of  the  opportunity  to 
examine  them.  The  condition  of  the  interior  parts  of  the 
engines  should  be  noted.  If  the  cylinder  heads  are  off,  he 
should  examine  and  try  with  a wrench  the  follower  bolts 
and  piston-rod  nuts.  He  should  look  carefully  at  the  walls 
of  the  cylinders,  and  if  they  are  cut,  grooved,  or  pitted,  he 
should  make  a note  of  the  fact  for  future  reference  and 
comparison.  The  clearance  between  cylinder  head  and 
piston  should  be  measured  and  marked  on  the  guides  with  a 
center  punch  in  order  to  ascertain  and  preserve  a record  of 
the  space  there  is  to  spare  for  taking  up  the  wear  on  con- 
necting-rod journals.  The  cylinders  should  be  wiped  out 
thoroughly  with  oily  waste  and  a liberal  coating  of  cylinder 
oil  should  be  applied  to  the  wearing  surfaces  before  closing 
up  the  cylinders. 

§ 31 
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2.  If  the  valve-chest  covers  are  off,  the  condition  of  the 

valves  and  seats  should  be  noted.  The  lead  of  the  valves 
should  be  examined;  this  may  be  done  by  turning  the 
engines  over  by  hand,  having  first  poured  a little  oil  into 
the  journals.  The  valve  gear  should  be  watched  during  the 
operation  of  turning  the  engine,  in  order  to  discover  if  there 
is  any  derangement  of  the  valve  gear;  if  there  is  any 
obstruction  to  the  engine  turning  freely,  it  will  be  revealed 
during  the  turning  process.  . ■ , 

3.  If  the  pump-valve  bonnets  are  off,  the  valves  and 
valve  chambers  should  be  examined.  If  the  valves  are  of 
hard,  fiat  rubber  and  any  of -them  are  much  worn  on  their 
lower  faces,  they  should  be  turned  over;  if  they  are  curled 
from  standing  dry  for  some  time,  or  other  causes,  they 
should  be  faced  off. 

4.  If  the  condenser  bonnets  are  off,  examine  the  interior 
of  the  condenser  in  order  to  ascertain  its  condition.  If  a 
surface  condenser,  fill  the  steam  side  of  the  condenser  with 
water  and  look  for  leaky  tubes;  replace  with  new  ones  any 
tubes  that  may  be  split  and  renew  all  leaky  tube  packing. 

5.  Just  before  replacing  any  of  the  covers,  bonnets,  or 
cylinder  heads,  a final  examination  should  be  made  to  see 
that  no  tools,  waste,  or  other  foreign  matter  are  left  inside ; 
look  particularly  for  monkey  wrenches,  hammers,  cold  chisels, 
hand  lamps,  and  pieces  of  waste,  as  it  is  quite  a usual  occur- 
rence to  find  one  or  more  of  these  articles  inside  of  the 
machinery,  left  there  by  careless  workmen;  it  is  advisable 
that  the  engineer  in  charge  should  attend  to  this  duty  per- 
sonally. Prior  to  replacing  covers,  bonnets,  or  cylinder 
heads,  the  gaskets  should  be  examined ; if  they  are  torn  or 
worn  out,  new  ones  should  be  used,  and  a thin  coating  of 
black  lead  (graphite)  should  be  applied  to  them  before  they 
are  put  in  place. 

6.  If  the  connecting-rod  is  disconnected  at  the  crankpin 
end,  an  excellent  opportunity  to  examine  the  condition  of 
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the  crankpin  and  brasses  presents  itself ; if  they  are  cut  or 
are  rough,  they  should  be  scraped  down  with  a scraper  and 
finished  off  with  a smooth  file,  but  it  must  be  skilfully  done ; 
in  connecting  up,  the  crankpin  brasses  should  not  be  set  up 
too  tight  upon  the  pin;  better  leave  them  a little  slack, 
to  be  taken  up  after  the  engine  has  been  running  for 
awhile. 


7.  Examine  the  piston  rod  and  valve-stem  stuffingboxes 
and  put  a turn  or  more  of  packing  in  them,  as  may  be 
required.  Examine  the  cylinder  relief  valves,  if  any  are 
fitted  to  the  engine ; also  examine  the  drain  cocks  to  see 
that  they  are  not  stopped  up. 

8.  Having  put  the  engine  in  good  order  and  gotten  it 
ready  for  steam,  the  engineer  should  turn  his  attention  to 
the  feedwater  apparatus;  he  should  examine  the  main  feed- 
pump most  carefully.  If  it  is  a plunger  pump,  note  the 
condition  of  the  plunger  packing  and  repack  the  stuffing- 
box  if  necessary;  if  it  is  a piston  pump,  examine  the  piston- 
rod  packing  and  put  in  a turn  or  two  of  packing  if  the  box 
will  take  it.  Examine  the  petcock  and  see  that  it  is  not 
stopped  up. 

9.  When  satisfied  that  the  pump  is  in  good  order,  pro- 
ceed to  trace  up  the  pipes.  Commence  with  the  suction 
pipe  at  the  pump;  follow  it  up  and  examine  every  foot  of  it 
to  and  from  the  filter,  feedwater  heater,  or  grease  extractor, 
if  there  be  one  or  the  other,  to  the  source  of  the  feedwater 
supply,  wherever  that  may  be,  and  make  sure  that  there  is 
nothing  the  matter  with  this  supply.  Now  start  at  the 
pump  again  and  follow  up  the  delivery  pipe,  tracing  it 
through  all  its  windings,  noting  every  bend  and  connection, 
if  any;  also  note  where  it  enters  and  leaves  the  feedwater 
heater,  purifier,  or  economizer,  as  the  case  may  be,  then  on 
through  the  check-valve  and  globe  valve  to  the  point  where 
it  enters  the  boiler;  take  out  the  check-valve  and  carefully 
examine  it,  as  well  as  its  seat ; wipe  off  the  valve  and  valve 
seat  with  oily  waste,  and  if  it  is  in  good  condition,  replace 
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the  valve,  but  if  found  in  poor  order,  repair  it  or  replace  it 
with  a new  one  immediately.  Try  the  globe  valve  in  the 
feedpipe ; if  it  works  stiffly,  oil  the  stem  and  thread  and  run 
the  valve  up  and  down  until  it  works  freely.  Treat  all 
globe  valves  in  a similar  manner,  and  if  any  of  them  need 
packing,  attend  to  it  at  once.  Trace  up  the  auxiliary  feed- 
pipes, both  suction  and  delivery,  in  the  same  manner  and 
with  the  same  care  and  attention  that  was  given  the  main 
feedpipes. 

10.  Trace  up,  from  beginning  to  end,  all  the  auxiliary 
steam  and  exhaust  piping  to  and  from  the  various  auxiliary 
engines  and  pumps,  neglecting  nothing.  Note  if  the  exhaust 
pipes  of  the  auxiliary  system  lead  to  a condenser;  if  so, 
locate  the  valves  for  changing  the  auxiliary  machinery  from 
non-condensing  to  condensing  and  vice  versa. 

11.  If  the  main  engines  are  condensing,  examine  the 
air  pump  and  circulating  pump  and  their  valves  and  trace 
up  all  steam  pipes  and  water  pipes  leading  to  and  from 
them,  whether  the  pumps  are  operated  by  the  main  engine 
or  independently. 

12.  Locate  all  cocks  and  valves  in  the  piping  and  ascer- 
tain what  every  one  of  them  is  for;  locate  particularly  all 
those  connected  with  the  feedwater  supply  system,  both  in 
the  steam  pipes  and  in  the  water  pipes. 

13.  If  the  plant  is  a modern  one  and  is  supplied  with 
the  latest  economical  and  other  appliances  and  apparatus, 
such  as  a separator,  grease  extractor  or  filter,  feedwater 
purifier,  heater  or  economizer,  evaporator,  superheater, 
reheaters,  etc.,  they  must  be  included  in  the  preliminary 
inspection  and  should  receive  the  same  care  and  attention  as 
the  other  parts  of  the  machinery. 

14.  In  some  plants  the  water  of  condensation  from  the 
steam  pipes,  valve  chest,  cylinders,  steam  jacket,  and 
wherever  else  it  may  collect,  is  saved  for  use  in  the  boilers; 
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this  is  accomplished  by  leading  the  various  drain  pipes  into 
a manifold,  from  which  a single  pipe  conveys  the  water  to  a 
steam  trap,  and  from  thence,  by  another  pipe,  to  the  hot- 
well  or  feed  tank,  where  it  mingles  with  the  feedwater. 
These  drain  pipes  should  be  traced  up  and  examined  from 
beginning  to  end.  Look  for  leaky  or  broken  joints  and  split 
pipes;  if  any  are  found,  they  must  be  repaired  at  once. 
Look  also  for  badly  rusted  places  in  the  pipes.  Note  if  they 
are  exposed  to  unusual  dampness  or  dripping  water;  if  such 
is  the  case,  a coat  of  thick  red-lead  paint  or  paraffin  varnish 
will  afford  considerable  protection.  Similar  treatment  should 
be  accorded  to  any  other  iron  or  steel  piping  under  floors  or 
in  places  not  easily  accessible. 

15.  If  during  this  inspection  anything  is  found  that  is 
out  of  order,  it  should  be  repaired  at  once.  Tools  and  stores 
for  the  ordinary  repairs  are  generally  provided. 


STARTING  ANJy  STOPPmG  EN^GmES. 


INTRODUCTION. 

16.  Owing  to  the  great  variety  of  engines  and  valve 
gears  in  use  and  to  the  great  difference  in  the  sizes  and 
power  of  steam  plants,  involving  a wide  range  of  appliances 
and  apparatus,  it  is  not  possible  to  give  specific  directions  in 
detail  for  starting  and  stopping  each  and  every  one  of  them. 
General  instructions,  with  a few  examples,  can  only  be 
given,  but  it  is  the  intention  to  make  them  full  enough  to 
enable  the  intelligent  engineer,  by  using  a little  judgment 
and  discretion,  to  apply  them  to  all  types  of  engines. 


GENERAL,  INSTRUCTIONS. 

11.  Warming  Up  and  Getting  Ready. — The  engine 
having  previously  been  put  in  thorough  order  and  the  fires 
having  been  lighted  in  the  boiler,  it  is  assumed  that  the 


c 


ENHINR  ATANA(',EArENT. 


31 


steam  pressure  is  now  approaching-  its  working  point.  About 
la  or  20  minutes  l)efore  starting  the  engine,  raise  the  stop- 
valves  just  oft'  their  scats  and  let  a little  steam  flow  into  the 
steam  pipe;  open  the  drain  cock  on  the  steam  pipe  just 
above  the  throttle.  When  the  steam  pipe  is  thoroughly 
warmed  up  and  steam  blows  through  the  drain  pipe,  close 
the  drain  cock  and  open  the  throttle  just  enough  to  let  a 
little  steam  flow  into  the  valve  chest  and  cylinder,  or  use 
the  by-pass  around  the  throttle,  if  one  is  fitted.  Open  the 
cylinder  relief  valves  (or  drain  cocks),  also  the  drain  cocks 
on  the  valve  chest  and  exhaust  pipe,  if  a non-condensing 
engine.  If  cylinders  are  jacketed,  turn  the  steam  into  the 
jackets  and  open  the  jacket  drain  cocks.  While  the  engine 
is  warming  up,  fill  the  oil  cups  and  sight-feed  lubricator. 
Squirt  a little  oil  into  all  the  small  joints  and  journals  that 
are  not  fitted  with  oil  cups.  Wipe  off  the  guides  with  oily 
waste  and  squirt  some  oil  over  them.  By  this  time  the 
engine  is  getting  warm;  if  fitted  with  by-pass  valves,  use 
them  to  admit  steam  into  both  ends  of  the  cylinder.  Fur- 
ther operations  of  warming  up  the  cylinder  will  depend 
somewhat  on  the  type  of  engine  and  valve  gear;  therefore, 
additional  instructions  regarding  this  matter  will  be  given 
under  their  respective  headings.  In  general,  however,  all 
cylinders,  especially  if  they  are  large  and  intricate  castings, 
should  be  warmed  up  slowly,  as  sudden  and  violent  heating 
of  a cylinder  of  this  character  is  very  liable  to  crack  the 
casting  by  unequal  expansion. 

18.  An  excellent  and  economical  plan  for  warming  up 
the  steam  pipe  and  the  engine  is  to  open  the  stop-valves  and 
throttle  valve  at  the  time  or  soon  after  the  fires  are  lighted 
in  the  boilers,  permitting  the  heated  air  from  the  boilers  to 
circulate  through  the  engine,  thus  warming  it  up  gradually 
and  avoiding  the  accumulation  of  a large  quantity  of  water 
of  condensation  in  the  steam  pipe  and  cylinder.  When  pres- 
sure shows  on  the  boiler  gauge  or  steam  at  the  drain  pipes 
of  the  engine,  the  stop-valves  and  throttle  may  be  closed 
temporarily,  but  not  hard  down  on  their  seats.  When  this 


ENGINE  MANA('iEMENT. 


method  of  warmiiig-  up  the  engine  is  adopted,  the  safety  valves 
should  not  be  opened  while  steam  is  being  gotten  up. 

19.  In  attending  to  these  preliminary  arrangements  cer- 

tain precautions  should  be  taken.  For  example,  stop-valves 
and  throttle  valves  should  never  be  opened  quickly  or  sud- 
denly and  thus  permit  a large  volume  of  steam  to  flow  int('» 
a cold  steam  pipebr  cylinder.  If  this  is  done,  the  first  steam 
that  enters  Avill  be  condensed  and  a partial  vacuum  will  be 
formed.  This  will  be  closely  followed  by  another  rush  of 
steam  with  similar  results,  and  so  on  until  .a  mass  of  water 
will  collect,  which  will  rush  through  the  steam  pipe  and  strike 
the  first  obstruction,  generally  the  bend  in  the  steam  pipe 
near  the  cylinder,  with  the  force  of  a steam  hammer,  and  in 
all  probabilities  will  carry  it  away  and  cause  a disaster. 
This  is  called  a watei*  liammer  and  has  caused  many 
serious  accidents.  . . ' 

20.  Another  precaution  that  should  be  taken  is  the  easing 
of  the  throttle  valve  on  its  seat  before  steam  is  let  into  the 
main  steam  pipe;  otherwise,  the  unequal  expansion  of  the 
valve  casing  may  cause  the  valve  to  stick  fast  and  thereby 
give  much  trouble.  Even  if  a by-pass  pipe  is  fitted  around 
the  throttle,  it  would  be  better  not  to  depend  on  it.  Con- 
siderable space  has  been  devoted  to  the  subject  of  warming  up 
and  draining  the  water  out  of  the  steam  pipe  and  engine  on 
account  of  its  importance.  Water  being  non-compressible, 
it  would  be  an  easy  matter  to  blow  off  a cylinder  head  or 
break  a piston  if  the  engine  were  started  when  there  was  a 
quantity  of  water  in  the  cylinder. 

21 . The  last  thing  for  the  engineer  to  do  before  taking  his 
place  at  the  throttle  preparatory  to  starting  the  engine,  pro- 
vided he  has  no  oiler,  is  to  start  the  oil  and  grease  cups 
feeding.  It  is  well  to  feed  the  oil  liberally  at  first,  but  not 
to  the  extent  of  wasting  it;  finer  adjustment  of  the  oiling 
gear  can  be  made  after  the  engine  has  been  running  a short 
time  and  the  journals  are  well  lubricated. 
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Cleaning  Up. — After  an  engine  has  been  stopped 
after  a run  and  everything  has  been  made  secure,  the 
machinery  should  be  wiped  off  before  the  oil  has  had  time  to 
set.  Both  the  bright  work  and  the  painted  parts  should 
receive  attention  in  this  respect.  If  there  are  any  rusty 
spots  on  the  bright  work,  they  should  be  immediately  scoured 
off  with  emery  cloth.  The  floors  should  also  be  cleaned  up 
and  all  dirt  gathered  together  and  consigned  to  the  ash  heap. 
Cleanliness  is  essential  to  a well-kept  engine  room,  and  the 
grade  and  value  of  the  engineer  in  charge  of  it  can  very 
readily  be  determined  by  a glance  of  the  practiced  eye  around 
the  engine  room.  Oil  should  not  be  spilled  or  spattered 
about;  there  is  no  necessity  for  it  and  it  is  a waste  of  oil. 
Drip  pans  should  be  placed  wherever  they  will  do  any  good 
and  they  should  be  emptied  and  cleaned  out  at  least  once  a 
day.  Much  saving  in  oil  bills  will  be  effected  by  the  use  of 
an  efficient  oil  filter  to  filter  the  drip  oil  and  use  it  over  again 
instead  of  throwing  it  away. 

2S,  When  flour  emery  or  emery  cloth  is  used  for  cleaning 
bright  work,  the  greatest  care  should  be  exercised  not  to  let 
any  of  the  grit  get  into  the  journals;  they  will  be  sure  to 
cut  if  any  substance  of  a gritty  nature  gets  into  them.  All 
the  oil  holes  in  the  small  joints  and  journals  that  are  not 
fitted  with  oil  cups  should  be  plugged  up  immediately  after 
the  engine  is  stopped  and  kept  closed  until  the  engine  is 
ready  to  be  started  again.  Emery  should  not  be  used  to 
polish  brass  or  composition;  Bath  brick  is  much  better  for 
this  purpose. 


STARTING  A SLIDE- VARVE  NON-CONDENSING  ENGINE. 

24:,  Assuming  that  the  general  instructions  given  in 
Arts.  17  to  2S  have  been  complied  with,  the  engineer 
should  now  take  his  place  at  the  throttle,  having  first  opened 
wide  the  stop-valves.  The  drain  cocks  on  the  steam  pipe 
and  engine  are  supposed  to  be  open  and  the  throttle  valve 
just  off  its  seat.  Some  steam  has  been  allowed  to  enter  the 
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valve  chest  and  the  cylinder  is  partly  warmed  up;  it  is  now 
the  duty  of  the  engineer  to  ascertain  if  steam  has  entered 
both  ends  of  the  cylinder  and  that  both  ends  of  it  are  heated 
equally.  As  both  steam  ports  cannot  be  open  to  the  steam 
at  the  same  time,  the  engine,  if  not  provided  with  a by- 
pass, should  be  turned  by  hand  so  that  both  steam  ports  are 
opened  alternately,  thus  admitting  steam  to  both  ends  of 
the  cylinder.  In  turning  the  engine,  finally  stop  when  the 
crank  is  on  its  upper  or  lower  half  center,  that  being  the 
best  point  from  which  to  start  the  engine.  When  it  is  evi- 
dent that  all  condensation  of  steam  has  ceased  in  the  steam 
pipe,  valve  chest,  and  cylinder  and  all  the  water  has  been 
blown  out  of  them,  the  engine  is  ready  to  be  started. 

25,  A slide-valve  non-condensing  engine  is  started  by 
simply  opening  the  throttle ; this  should  be  done  quickly  in 
order  to  jump  the  crank  over  the  first  center,  after  which 
the  momentum  of  the  flywheel  will  carry  it  over  the  other 
centers.  The  engine  should  be  run  slowly  at  first,  gradu- 
ally increasing  the  revolutions  to  the  normal  speed.  When 
the  engine  has  reached  full  speed,  the  drain  pipes  should  be 
examined;  if  dry  steam  is  blowing  through  them,  close  the 
drain  cocks;  if  water  is  being  delivered,  let  the  drain  cocks 
remain  open  until  steam  blows  through  and  then  close  them. 

36.  The  engineer  should  now  make  a trip  around  the 
engine  to  ascertain  if  the  journals  are  running  cool.  First, 
try  the  crankpin  end  of  the  connecting-rod  by  touching  it 
with  the  palm  of  the  hand;  to  do  this  safely,  on  a high-speed 
engine,  requires  some  skill  and  experience,  but  the  art  can 
be  acquired  by  a little  practice;  the  beginner,  however, 
should  be  very  cautious  that  he  does  not  get  his  hand  caught 
in  the  machinery.  If  the  end  of  the  connecting-rod  is  only 
blood  warm,  no  harm  has  yet  been  done,  but  it  is  an  inti- 
mation that  the  crankpin  may  get  hot,  and  requires  watch- 
ing. Assuming  that  the  crankpin  is  running  cool,  the  next 
step  is  to  feel  the  shaft  journals  and  examine  the  lubricating 
apparatus.  If  the  journals  are  running  cool,  decrease  the 
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oil  feed  gradually  and  carefully  until  there  is  just  enough 
oil  fed  into  the  journals  to  supply  the  demand  without 
unnecessary  waste.  It  is  supposed  that  the  engine  is  now 
running  satisfactorily,  and  the  engineer  may  hence  turn  his 
attention  to  a general  inspection  of  his  department. 

37.  It  sometimes  happens  that  a cracking  noise  is  heard 
in  the  cylinder  after  the  engine  has  been  running  for  a while. 
This  means  ‘‘water  in  the  cylinder,”  and  the  cylinder  drain 
cocks  should  be  opened  promptly.  It  is  also  an  intimation 
that  the  boiler  is  inclined  to  prime;  this  may  be  checked  by 
closing  the  main  stop-valve  just  enough  to  wiredraw  the 
steam  a little. 


STOPPING  A SLIDE- VAIA  E NON-CONDENSING  ENGINE. 

38.  To  stop  a slide-valve  non-condensing  engine,  it  is 
only  necessary  to  shut  off  the  supply  of  steam  by  closing  the 
throttle,  but  care  should  be  taken  not  to  let  the  engine  stop 
on  the  center.  After  a little  practice,  the  beginner  will  be 
able  to  stop  the  engine  at  any  desired  point  of  the  revolu- 
tion. No  rule  can  be  laid  down  for  this;  it  is  entirely  a 
matter  of  experience. 

39.  After  the  engine  is  stopped,  shut  off  the  oil  feed  and 
close  the  main  stop-valve;  be  sure  that  the  valve  is  seated, 
but  without  being  jammed  hard  down  on  its  seat.  The 
drain  cocks  on  the  steam  pipe  and  engine  may  or  may  not 
be  opened,  according  to  circumstances.  It  will  do  no  harm 
to  allow  the  steam  to  condense  inside  the  engine,  as  the 
engine  will  then  Cool  down  more  gradually,  which  lessens 
the  danger  of  cracking  the  cylinder  casting  by  unequal  con- 
traction. All  the  water  of  condensation  should  be  drained 
from  the  engine  before  steam  is  again  admitted  to  it. 

30.  When  an  engine  is  required  to  run  in  either  direc- 
tion, in  answer  to  signals  or  otherwise,  as  in  the  case  of 
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hoisting  engines  and  locomotives,  it  is  usually  fitted  with  the 
link- valve  motion,  which  is  operated  by  a system  of  levers 
or  other  apparatus  called  the  reversing  gear.  In  warm- 
ing up  an  engine  fitted  with  a link,  it  is  only  necessary  to 
run  the  link  up  and  down  if  a horizontal  engine,  or  back  and 
forth  if  a vertical  engine,  to  admit  steam  into  both  ends  of 
the  cylinder;  and  to  start  or  stop  such  an  engine,  either  the 
go-ahead  or  the  backing  eccentric,  as  required,  is  thrown 
into  action  by  operating  the  link  by  means  of  the  reversing 
gear. 


STARTING  A STTDE-VATVE  CONDENSING  ENGINE. 

31.  A steam  engine  of  the  condensing  type  is  fitted 
with  either  a surface,  a jet,  or  an  injector  condenser. 
The  function  of  a condenser  is  to  convert  the  exhaust 
steam  from  the  engine  into  water  by  condensation,  thereby 
producing  a vacuum  in  the  condenser.  The  pressure  of 
the  atmosphere  is  thus  partially  removed  from  the  exhaust 
side  of  the  piston  and  the  net  pressure  correspondingly 
increased. 

32.  If  the  engine  is  fitted  with  a surface  condenser,  the 
condenser  will  be  supplied  with  an  air  pump  and  a circula- 
ting pump.  The  air  pump  removes  the  air,  vapor,  and 
water  of  condensation  from  the  condenser;  it  discharges  the 
water  into  the  hotwell  or  feed  tank,  while  the  air  and  vapor 
escape  into  the  atmosphere.  The  circulating  pump  supplies 
the  condensing  water  and  forces  it  through  ,the  tubes  of  the 
condenser. 

33.  It  is  sometimes  the  case  that  the  air  pump  and  the 
circulating  pump  are  attached  to  and  operated  by  the  main 
engine;  more  frequently,  however,  they  are  operated  by  a 
separate  and  independent  steam  cylinder,  in  which  cases  the 
apparatus  as  a whole,  including  the  condenser  is  called  the 
vaemiiii  engine. 
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Another  arrangement  of  these  pumps  is  the  following:  A 
centrifugal  circulating  pump  is  used  instead  of  a reciproca- 
ting pump,  by  which  the  circulating  pump  can  be  operated 
independently  of  the  air  pump,  permitting  the  speed  of  the 
circulating  pump  to  be  changed  without  affecting  the  speed 
of  the  air  pump.  This  is  desirable,  because  a greater  quan- 
tity of  injection  or  condensing  water  is  required  in  summer 
than  in  winter  on  account  of  its  higher  temperature  at  that 
season  of  the  year. 

34.  Before  the  main  engine  is  started,  the  air  pump  and 
circulating  pump  should  be  put  into  operation  and  a vacuum 
formed  in  the  condenser;  this  will  materially  assist  the  main 
engine  in  starting  promptly,  and  in  cases  where  the  engine 
is  worked  to  bell  signals,  such  as  a hoisting  engine  in  a 
mine  or  elsewhere,  this  is  a most  important  consideration. 
Prior  to  starting  the  air  and  circulating  pumps,  the  injec- 
tion valve  should  be  opened  to  admit  the  condensing  water 
into  the  circulating  pump;  the  delivery  valve  should  also  be 
opened  at  this  time.  The  same  course  of  procedure  that  is 
used  in  warming  up  and  draining  the  water  out  of  the  main 
engine  should  be  followed  with  the  vacuum  engine,  and  it  is 
started  in  the  same  manner,  i.  e.,  by  simply  opening  the 
throttle. 

35,  After  the  main  engine  has  been  running  for  a few 
minutes  to  equalize  temperatures,  the  speed  of  the  air  and 
circulating  pumps  and  the  admission  of  injection  water 
should  be  regulated  so  as  to  maintain  about  26  inches  of 
vacuum  in  a surface  condenser  and  a feedwater  tempera- 
ture of  about  115°  F.  A higher  vacuum  than  26  inches, 
when  the  barometer  stands  at  30  inches,  will  result  in  a loss 
of  heat  from  cold  feedwater,  and  it  will  also  cause  a high- 
speed engine  to  thump  while  passing  the  centers  through 
insufficient  compression  or  cushion  for  the  piston;  a lower 
vacuum  than  26  inches  will  cause  a loss  by  too  much  back 
pressure.  As  a rule,  there  should  be  about  2 pounds  (abso- 
lute) of  back  pressure  on  the  exhaust  side  of  the  piston; 
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this  is  equivalent  to  4 inches  on  the  vacuum  gauge  and  a 
feedwater  temperature  of  about  115°  F.  ; therefore,  the 
reading  of  the  vacuum  gauge  should  be  about  4 inches 
below  the  reading  of  the  barometer  to  get  the  best  results 
from  the  engine. 

36.  If  an  ordinary  jet  condenser  is  used,  no  circulating 
pump  is  required,  the  water  being  forced  into  the  condenser 
by  the  pressure  of  the  atmosphere.  If  the  air  pump  is 
operated  by  the  main  engine,  which  is  sometimes  the  case, 
a vacuum  will  not  be  formed  in  the  condenser  until  after 
the  engine  is  started  and  at  least  one  upward  stroke  of  the 
air  pump  is  made.  In  this  case  the  injection  valve  must  be 
opened  at  the  same  moment  the  engine  is  started;  otherwise 
the  condenser  will  get  “hot”  and  a mixture  of  air  and 
steam  will  accumulate  in  it  and  prevent  the  injection  water 
from  entering.  When  this  occurs  it  is  necessary  to  pump 
cold  Avater  into  the  condenser  by  one  of  the  auxiliary  pumps 
through  a pipe  usually  fitted  for  that  purpose;  if  such  a pipe 
has  not  been  provided,  it  may  be  found  necessary  to  cool 
the  condenser  by  playing  cold  water  upon  it  through  a hose. 

37.  Jet  condensers  are  sometimes  fitted  with  a valve 

that  automatically  opens  outwards,  called  a valve, 

or  snifter,  by  which  the  accumulated  steam,  vapor,  and  air 
may  be  discharged  into  the  atmosphere.  This  valve  is  a 
disk  of  metal,  similar  to  a safety  valve,  that  is  held  to  its 
seat  by  its  own  weight  and  the  pressure  of  the  atmosphere. 
It  serves  to  relieve  the  condenser  of  pressure  in  case  of  an 
accident  to  the  air  pump. 

38.  If  the  engine  is  fitted  with  a jet  condenser,  the 
course  of  procedure  in  starting  is  similar  to  that  followed  in 
starting  an  engine  with  a surface  condenser,  viz.  : The  air 
pump  should  be  started  before  the  main  engine  is  started 
and  thereby  form  a vacuum  in  the  condenser  before- 
hand, and  it  should  be  stopped  after  the  main  engine  is 
stopped. 


14 


ENGINE  MANAGEMENT. 


§ 31 


STOPPI^^G  A SPIPE- VALVE  CONDENSING  ENGINE. 

39.  The  operation  of  stopping  a slide-valve  surface-con- 
densing engine  is  precisely  similar  to  that  of  stopping  a 
non-condensing  engine  of  the  same  type,  with  the  addition 
that  after  the  main  engine  is  stopped  the  vacuum  engine  is 
also  stopped,  and  in  the  same  way,  i.  e.,  by  closing  the 
throttle,  after  which  the  injection  valve  and  the  discharge 
valve  should  be  closed  and  the  drain  cocks  opened. 

40.  With  a jet  condenser,  the  operation  of  stopping  the 
engine  is  the  same  as  the  above,  with  the  exception  that  the 
injection  valve  should  be  closed  at  the  same  moment  that 
the  engine  is  stopped. 


SUMMAIIY. 

41.  The  instructions  given  in  Arts.  34  to  40  apply  to 
any  slide-valve  engine,  whether  vertical  or  horizontal,  and 
also  whether  it  is  fitted  with  a ball  or  pendulum  governor,  a 
shaft  automatic  governor,  or  if  it  is  without  any  governor 
at  all,  from  the  fact  that  a governor  acts  only  when  the 
engine  is  running  at  or  near  its  normal  speed;  therefore, 
while  starting  or  stopping  an  engine  the  governor  is  not  in 
action. 


STARTING  A SIMPLE  CORLISS  ENGINE. 

43.  A simple  engine  fitted  with  Corliss  valves  and  valve 
gear  is  started  and  stopped  in  a somewhat  different  manner* 
from  that  practiced  with  the  plain  slide-valve  engine. 

43.  In  the  Corliss  engine  the  eccentric  rod  is  so  con- 
structed and  arranged  that  it  may  be  hooked  on  or  unhooked 
from  the  eccentric  pin  on  the  wristplate  at  the  Avill  of  the 
engineer.  The  wristplate  is  provided  with  a socket  for  the 
starting  bar;  the  starting  bar  may  be  shipped  or  unshipped 
as  required. 
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44.  In  starting  an  engine  of  the  Corliss  type,  after  all 
the  preliminaries,  such  as  warming  up  and  draining  the 
water  from  the  engine,  starting  the  oil  feed,  etc.,  as  heretofore 
explained,  have  been  attended  to,  the  starting  bar  is  shipped 
into  its  socket  in  the  wristplate  and  the  throttle  is  opened. 
The  starting  bar  is  then  vibrated  back  and  forth  by  hand, 
by  which  the  steam  and  exhaust  valves  are  operated  through 
the  wristplate  and  valve  rods;  as  soon  as  the  cylinder  takes 
steam  the  engine  will  start.  After  working  the  starting 
bar  until  the  engine  has  made  several  revolutions  and  the 
flywheel  has  acquired  sufficient  momentum  to  carry  the 
crank  over  the  first  center,  let  the  hook  of  the  eccentric  rod 
drop  upon  the  pin  on  the  wristplate.  As  soon  as  the  hook 
engages  with  the  pin,  unship  the  starting  bar  and  place  it 
into  its  socket  in  the  floor. 

45.  The  way  to  determine  in  which  direction  the  start- 
ing bar  should  be  first  moved  to  start  the  engine  ahead  is  to 
note  the  position  of  the  crank,  from  which  the  direction  in 
which  the  piston  is  to  move  may  be  learned.  This  will  indi- 
cate which  steam  valve  to  open  first;  it  will  then  be  an  easy 
matter  to  determine  in  which  direction  the  starting  bar  should 
be  moved.  After  a little  practice  the  engineer  will  know  at 
a glance  which  way  to  work  the  starting  bar. 

46.  The  engine  having  been  started,  the  engineer 
should  attend  to  those  duties  that  have  been  mentioned  in 
the  instruction  for  the  slide-valve  engine  under  similar  cir- 
cumstances. 

47.  If  the  engine  is  of  the  condensing  type,  the  same 
course  of  procedure  in  starting  the  vacuum  engine  should 
be  followed  as  with  the  simple  slide-valve  condensing 
engine,  which  has  been  previously  explained.  In  warming 
up  the  cylinder  of  a Corliss  engine,  it  is  not  necessary  to 
turn  the  engine  to  admit  steam  to  both  ends;  it  is  only 
necessary  to  work  the  valves  by  hand  with  the  start- 
ing bar. 
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STOPPING  A SIMPLE  CORLISS  ENGINE. 

48.  A Corliss  engine  is  stopped  by  closing  the  throttle 
and  unhooking  the  eccentric  rod  from  the  pin  on  the  wrist- 
plate  ; this  is  done  by  means  of  the  unhooking  gear  provided 
for  the  purpose.  As  soon  as  the  eccentric  rod  is  unhooked 
from  the  pin,  ship  the  starting  bar  into  its  socket  in  the 
wristplate  and  work  the  engine  by  hand  to  any  point  in 
the  revolution  of  the  crank  at  which  it  is  desired  to  stop  the 
engine.  Then  proceed  as  directed  for  the  simple  slide- 
valve  engine.  After  stopping  a Corliss  condensing  engine, 
the  same  course  should  be  followed  as  with  a slide-valve 
condensing  engine  in  regard  to  draining  cylinders,  closing 
stop-valves,  etc. 


STARTING  A COMPOUND  ENGINE. 

49.  Before  starting  a compound  engine,  the  high-pres- 
sure cylinder  is  warmed  up  in  the  same  manner  as  a simple 
engine.  To  get  the  steam  into  the  low-pressure  cylinder  is 
an  operation,  however,  that  will  depend  on  circumstances. 
If  the  cylinders  are  provided  with  pass-over  valves,  it  will 
only  be  necessary  to  open  them  to  admit  steam  into  the 
receiver  and  from  thence  into  the  low-pressure  cylinder. 
If  the  cylinders  are  not  fitted  with  pass-over  valves,  the 
steam  can  usually  be  worked  into  the  receiver  and  low- 
pressure  cylinder  by  operating  the  high-pressure  valves  by 
hand.  Sometimes  compound  engines  are  fitted  with  start- 
ing valves,  which  greatly  facilitate  the  operations  of  warm- 
ing up  and  starting.  Usually  a compound  engine  will  start 
upon  opening  the  throttle. 

50.  It  sometimes  happens  that  the  engine  will  refuse  to 
start  from  various  causes,  viz.  : The  high-pressure  crank 
may  be  on  its  center;  there  may  be  too  high  or  too  low  a 
steam  pressure  in  the  receiver;  the  engine  may  be  stiff  from 
standing  idle  a long  time,  and  the  oil  in  the  journals  has 
become  gummy;  the  pistons  may  be  rusted  fast  in  the 
cylinders,  or  the  cylinders  may  not  have  been  wiped  out 
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after  the  last  run  and  a coating  of  carbonized  oil  and  rust 
may  have  collected  on  their  walls  and  caused  the  pistons  to 
stick  fast.  If  the  engine  is  fitted  with  independent  adjust- 
able cut-offs,  the  cut-offs  may  be  set  to  cut  off  too  early ; or 
there  may  be  water  in  the  cylinders.  There  may  be  some 
obstruction  to  the  engine  turning,  although  that  matter  is 
supposed  to  have  been  attended  to  during  the  preliminary 
inspection.  In  most  cases  the  conditions  will  suggest  the 
remedy.  If  the  high-pressure  crank  of  a cross-compound 
engine  is  on  its  center  and  the  low-pressure  engine  will  not 
pull  it  off,  it  must  be  jacked  off.  If  the  pressure  of  steam 
in  the  receiver  is  too  high,  causing  too  much  back  pressure 
in  the  high-pressure  cylinder,  the  excess  of  pressure  must 
be  blown  off  through  the  receiver  safety  valve;  if  the  pres- 
sure in  the  receiver  is  too  low  to  start  the  low-pressure  pis- 
ton, more  steam  must  be  admitted  into  the  receiver.  If  the 
engine  is  stuck  fast  from  gummy  oil  or  rusty  cylinders,  all 
wearing  surfaces  must  be  well  oiled  and  the  engine  jacked 
over  at  least  one  entire  revolution.  If  the  cut-offs  are  run 
up,  run  them  down,  full  open.  If  there  is  water  in  the 
cylinders,  blow  it  out  through  the  cylinder  relief  or  drain 
valves,  and  if  there  is  any  obstruction  to  the  engine  turn- 
ing, remove  it. 

51.  If  the  crank  of  a tandem  compound  engine  is  on 
the  center,  it  must  be  pulled  or  jacked  off.  If  the  high- 
pressure  crank  of  a cross-compound  engine  is  on  the  center, 
it  may  or  may  not  be  possible  to  start  the  engine  by  the  aid 
of  the  low-pressure  cylinder,  depending  on  the  valve  gear 
and  crank  arrangement.  When  the  cranks  are  180°  apart 
(which  is  a very  rare  arrangement),  the  crank  must  be 
pulled  or  jacked  off  the  center.  When  the  cranks  are  90° 
apart  and  a pass-over  valve  is  fitted,  live  steam  may  be 
admitted  into  the  receiver  and  thence  into  the  low-pressure 
cylinder,  in  order  to  start  the  engine.  When  no  pass-over 
is  fitted,  but  the  engine  has  a link  motion,  sufficient  steam 
to  pull  the  high-pressure  crank  off  the  center  can  generally 
be  worked  into  the  low-pressure  cylinder  by  working  the 
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links  back  and  forth.  When  no  pass-over  is  fitted,  but  the 
high-pressure  engine  can  have  its  valve  or  valves  worked  by 
hand,  steam  can  be  gotten  into  the  low-pressure  engine  by 
Avorking  the  high-pressure  valve  or  valves  back  and  forth 
by  hand.  If  no  Avay  exists  of  getting  steam  into  the  low- 
pressure  cylinder  while  the  high-pressure  crank  is  on  a dead 
center,  it  must  be  pulled  or  jacked  off. 

52,  If  the  air  and  circulating  pumps  are  attached  to 
and  operated  by  the  main  engine,  a vacuum  cannot  be  gen- 
erated in  the  condenser  until  after  the  main  engine  has  been 
started.  Consequently,  in  this  case,  there  is  no  vacuum  to 
help  start  the  engine;  therefore,  if  it  is  tardy  or  refuses  to 
start,  it  Avill  be  necessary  to  resort  to  the  jacking  gear  and 
jack  the  engine  into  a position  from  which  it  Avill  start. 
With  an  independent  vacuum  engine,  hoAvever,  it  is  seldom 
that  any  such  difficulties  in  starting  an  engine  are  encoun- 
tered. A vacuum  having  been  generated  in  the  condenser 
beforehand,  the  pressure  in  the  receiver  acting  on  the  Ioav- 
pressure  piston  causes  the  engine  to  start  very  promptly, 
even  though  the  high-pressure  crank  may  be  on  its  center. 
NotAvithstanding  differences  of  opinions  among  designers  in 
regard  to  this  matter,  the  value  of  an  independent  vacuum 
engine  is  fully  appreciated  by  the  man  at  the  throttle.  In 
fact,  it  is  almost  indispensable  Avith  compound  condensing 
engines  of  high  pOAver  that  are  required  to  run  in  either 
direction  in  ansAver  to  bell  or  other  signals,  such  as  hoisting, 
rolling-mill,  and  marine  engines,  Avhere  promptness  in  start- 
ing is  absolutely  essential. 

Large  reversible  engines  are  usually  fitted  Avith 
steam  starting  and  reversing  gears,  each  builder  suiting  his 
OAvn  fancy  in  'regard  to  tlic  design;  therefore,  the  engineer 
should  promptly  familiarize  himself  Avith  the  mechanism  of 
the  particular  starting  gear  that  he  has  to  handle. 

54.  If  the  engine  is  fitted  Avith  adjustable  cut-offs,  they 
should  be  so  manipulated,  after  the  engine  has  been  started. 


31 


ENGINE  ^lANAGEMENT. 


19 


that  it  will  run  smoothly  and  at  the  lowest  steam  consump- 
tion attainable  with  the  given  load.  The  only  way  of 
finding  the  proper  points  of  cut-off  is  by  experiment,  setting 
the  cut-offs  where  judgment  and  experience  dictate  and 
noting  the  effect  upon  the  smooth  running  and  steam  con- 
sumption. 


STOPPING  AND  REVERSING  A COMPOUND  SLIDE-VAEVE 

ENGINE. 

55.  Compound  slide-valve  engines,  whether  condensing 
or  non-condensing,  are  stopped  by  closing  the  throttle,  and, 
if  a reversing  engine,  throwing  the  valve  gear  into  mid- 
position. If  the  stop  is  a permanent  one,  the  usual  practice 
of  draining  the  engine,  steam  chests,  and  receiver,  closing 
stop-valves,  stopping  the  oil  feed,  etc.  may  be  followed; 
or,  as  before  stated,  if  the  cylinders  and  receivers  are  com- 
plicated castings,  as  they  are  apt  to  be  in  an  engine  of  this 
kind,  it  would  be  better  not  to  drain  them  while  they  are 
hot,  but  to  let  them  cool  down  gradually  to  avoid  the 
danger  of  cracking  the  castings  from  too  sudden  and, 
therefore,  unequal  contraction. 

56.  If  the  engine  is  intended  to  run  in  both  directions 
in  answer  to  signals,  as  in  the  cases  of  hoisting,  rolling-mill, 
and  marine  engines,  the  operator,  after  stopping  the  engine 
to  signal,  should  immediately  open  the  throttle  very 
slightly,  in  order  to  keep  the  engine  warm,  and  stand  by 
for  the  next  signal.  If  the  engine  is  fitted  with  an  inde- 
pendent or  adjustable  cut-off  gear,  it  should  be  thrown  off, 
i.  e.,  set  for  the  greatest  cut-off,  for  the  reason  that  the 
engine  may  have  stopped  in  a position  in  which  the  cut-off 
valves  in  their  early  cut-off  positions  would  permit  little  or 
no  steam  to  enter  the  cylinders,  in  which  case  the  engine 
will  not  start  promptly,  and  perhaps  not  at  all.  While 
waiting  for  the  signal,  the  cylinder  drain  valves  should  be 
opened  and  any  water  that  may  be  in  the  cylinders  blown 
out.  When  dry  steam  blows  through  the  drains,  the 
cylinders  are  clear  of  water. 
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57.  When  the  signal  to  start  the  engine  is  received,  it  is 
only  necessary  to  throw  the  valve  gear  into  the  go-ahead  or 
backing  position,  as  the  signal  requires,  and  to  operate  the 
throttle  according  to  the  necessities  of  the  case,  for  which 
no  rule  can  be  laid  down  beforehand,  as  the  position  of  the 
throttle  will  depend  on  the  load  on  the  engine  at  the  time. 
Handling  the  throttle  must  be  learned  by  experience  on  the 
spot. 


58.  It  is  frequently  the  case  that  in  large  plants  a 
working  platform  is  provided  on  which  the  reversing  gear, 
throttle-valve  lever  or  wheel,  cylinder  drain-valve  levers, 
and  all  other  hand  gear,  gauges,  etc.,  are  located  and  placed 
within  easy  reach  of  the  engineer’s  station.  This  platform 
is  usually  placed  in  a commanding  position,  from  whence  the 
engineer  has  a full  view  of  the  moving  parts  of  the  engine. 
This  is  a matter  of  considerable  importance,  although  an 
experienced  engineer,  after  he  becomes  familiar  with  the 
various  sounds  produced  by  his  engine  under  different  con- 
ditions, will  depend  on  the  ear  as  much  as  on  the  eye  in 
running  it.  In  most  cases  any  derangement  of  the 
machinery  will  give  timely  warning  by  making  an  unusual 
sound;  perhaps  it  may  be  only  a slight  clicking  noise, 
scarcely  noticeable  among  so  many  different  sounds.  A 
careful  engineer,  however,  can  detect  it  as  quickly  as  an 
expert  musician  can  detect  a discordant  note,  and  he  should 
at  once  proceed  to  find  out  the  cause,  thereby  anticipating 
and  preventing  a possible  breakdown. 


STARTmG  AND  STOPPING  A CORLISS  COMPOUND  ENGINE. 

59.  The  operation  of  starting  and  stopping  a Corliss 
compound  engine  is  precisely  similar  to  that  of  starting  and 
stopping  a Corliss  simple  engine;  the  high-pressure  valve 
gear  only  is  worked  by  hand  in  starting,  the  low-pressure 
eccentric  hook  having  been  hooked  on  previously.  The 
low-pressure  valve  gear  is  only  worked  by  hand  while 


§31 


ENGINE  MANAGEMENT. 


21 


warming  up  the  low-pressure  cylinder.  The  same  directions 
that  were  given  for  operating  the  simple  condensing  engine 
apply  to  the  Corliss  condensing  engine,  so  far  as  the  treat- 
ment of  the  air  pump,  circulating  pump,  and  condenser  is 
concerned. 


STARTING,  STOPPING,  AXI>  REVERSING  TRIPLE-  AND  QUAD- 
RUPLE-EXPANSION ENGINES. 

60.  The  management  of  triple-  and  quadruple-expansion 
engines  is  the  same  as  that  practiced  with  the  compound 
engine,  with  the  exception  that  there  is  a greater  number  of 
moving  parts,  more  journals,  more  hand  gear,  and  more 
machinery,  in  general,  to  look  after,  requiring  greater 
activity  and  alertness  on  the  part  of  the  engineer  to  care 
for  it. 


e:\gmnes. 


INTRODUCTION. 

61.  Purpose. — The  operation  of  lining  an  engine  is  for 
the  purpose  of  locating  the  different  parts  in  relation  to 
each  other,  so  that  no  undue  strains  will  be  exerted  on  any 
one  of  the  parts  and  the  friction  of  the  moving  parts  will  be 
reduced  to  a minimum.  Absolute  accuracy,  though  desir- 
able, cannot  be  attained,  and  if  it  could  be  attained,  it  could 
not  be  maintained.  Too  much  care,  however,  cannot  be 
exercised  in  lining  an  engine,  as  its  future  smooth  running 
and  efficiency  will  depend  very  largely  on  the  accuracy  with 
which  this  operation  is  performed. 

63.  Requirements. — An  engine,  in  order  to  be  in  line, 
must  fulfil  the  following  requirements: 

1.  The  center  line  of  the  shaft  must  be  at  right  angles  to 
the  center  line  of  the  cylinder. 
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2.  The  wearing-  surfaces  of  the  guides  must  be  parallel  to 
the  center  line  of  the  cylinder.  When  two  guides  are  used, 
they  must  be  parallel  to  each  other,  and,  at  least  in  most 
designs,  equidistant  from  the  center  line  of  the  cylinder. 

3.  The  center  line  of  the  wristpin  must  be  at  right  angles 
to  the  center  line  of  the  cylinder  and  must  lie  in  the  same 
plane. 

4.  The  center  line  of  the  crankpin  must  be  parallel  to  the 
center  line  of  the  shaft. 

5.  The  center  line  of  the  cylinder  and  of  the  shaft  must 
both  lie  in  the  same  plane. 

6.  The  center  line  of  the  bore  of  the  brasses  at  both  ends 
of  the  connecting-rod  must  be  parallel  to  one  another  and 
must  be  at  right  angles  to  the  center  line  of  the  connecting- 
rod. 

7.  The  center  line  of  the  piston  rod  must  coincide  with 
the  center  line  of  the  cylinder. 

If  the  above  requirements  are  fulfilled,  the  engine  may  be 
said  to  be  in  line,  as  far  as  the  machine  itself  is  concerned.  In 
addition  to  the  requirements  enumerated  above,  it  is  gener- 
ally necessary  that  the  crank-shaft  be  level. 


LINING  TIP. 

63.  Preliminary  Conditions. — Let  it  be  understood 
that  a new  single-cylinder,  horizontal  engine  is  in  the  course 
of  erection  or  that  an  old  engine  of  the  same  type  is  receiv- 
ing a thorough  overhauling.  In  the  case  of  the  new  engine, 
it  is  assumed  that  the  foundation  has  been  built,  the  bed- 
plate placed  in  its  proper  position  and  secured  there  by  the 
anchor  bolts,  and  the  cylinder  has  been  secured  to  the  bed- 
plate. As  the  cylinder  was  fitted  to  the  bedplate  in  the  shop, 
it  may  be  assumed  that  it  is  correctly  placed.  In  the  case  of 
an  old  engine  being  overhauled,  it  is  understood  that  all  the 
moving  parts  have  been  removed  and  that  the  cylinder  heads 
are  off.  The  condition  of  both  engines  are  now  supposed  to 
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be  the  same;  therefore,  henceforth  the  eoiii'se  of  procedure 
will  be  the  same  for  both. 


(>4,  Sti*otc*liinj»-  ('oiitei*  Eino  of  ( ylhider. — Tlie  first 
step  in  linino-  an  engine  is  stretching  a line  coincident  with 
the  center  line  of  the  cylinder.  This  may  be  done  in  the 
following  manner: 

A strip  of  board  or  other  convenient  material  is  secured 
to  the  head  end  of  the  cylinder  by  means  of  the  stud  bolts  and 
nuts,  as  shown  at  Fig.  1.  A hole  about  1 inch  in  diameter 


fig.  1. 


is  bored  through  the  strip  approximately  in  line  with  the 
center  of  the  cylinder.  Some  form  of  standard,  as  / for 
instance,  which  is  pierced  similarly  to  the  strip  of  board  a, 
should  be  erected  at  the  crank  end  of  the  bedplate.  A very 
fine  braided  cord  or  piece  of  thin  annealed  copper  wire,  as  c, 
may  now  be  stretched  very  tightly  through  the  holes  in  a 
and  f.  In  order  to  allow  of  ready  adjustment,  each  end  of 
the  line  may  be  fastened  to  the  middle  of  a piece  of,  say, 
^-inch  round  iron  about  2 inches  long,  or,  better  yet,  be 
passed  through  a hole  in  the  center  of  a piece  of  stout 
sheet  tin  or  other  metal.  A knot  at  each  end  of  the  line 
will  prevent  it  slipping  through  the  holes.  The  pieces  of 
sheet  metal  may  be  cut,  say,  2 inches  square,  and  the 
diagonally  opposite  corners  may  be  turned  up  at  right  angles 
to  form  handles  by  which  they  may  be  adjusted.  If  the 
line  used  is  a fine  wire,  two  holes  may  be  punched  in  each 
piece  of  sheet  metal  and  the  end  of  the  wire  passed  through 
one  of  the  holes,  brought  back  through  the  other  in  the  form 


ENGINE  MANAGEMENT. 


24 


§ 31 


of  a loop,  and  the  end  stopped  off  around  the  main  part  of 
the  line. 

65.  The  line  should  be  set  central  to  the  bore  of  the 
cylinder  at  the  head  end  by  calipering  from  the  inside  of  the 
cylinder  counterbore  to  the  line.  This  may  be  done  with 
a pair  of  inside  calipers,  but  in  most  cases  it  is  better  to  use 
a light  pine  stick,  like  that  shown  in  Fig.  2.  The  stick  a 
should  be  about  1 inch  shorter  than  the  radius  of  the  cylin- 
der counterbore  and  tapered  at  each  end,  with  a thin  1-inch 

Fig.  3. 

wire  nail  driven  into  each  end,  as  shown  at  making  the 
total  length  of  the  stick,  including  the  nails,  the  exact 
radius  of  the  counterbore.  The  advantage  of  the  stick  in 
calipering  is  that  it  is  lighter  and  more  convenient  to  use 
than  inside  calipers. 

If  the  calipers  or  stick  will  just  touch  the  line,  no  matter 
from  which  point  on  the  circumference  of  the  counterbore 
the  measurement  is  taken,  the  head-end  part  of  the  line 
will  be  central  to  the  bore  of  the  cylinder,  provided  the 
measurements  were  carefully  and  accurately  made.  If  the 
measurements  do  not  agree,  the  line  that  passes  through 
Fig.  1,  must  be  shifted  in  the  direction  shown  by  the  varia- 
tion until  it  coincides  with  the  center  line  of  the  cylinder. 
It  is  considered  good  practice  to  make  four  measurements 
90°  apart. 

66.  After  adjusting  the  line  at  the  head  end  of  the 
cylinder,  the  crank-end  part  of  the  line  may  be  trued  up 
in  a similar  manner  by  moving  the  line  at  the  standard 
Fig.  1.  The  line,  now,  may  or  may  not  be  properly 
adjusted.  Hence,  to  make  sure,  the  alinement  of  the  line 
at  the  head  end  should  be  tried  again.  Now,  unless  the  line 
happened  to  be  very  close  to  the  center  line  of  the  cylinder 
before  any  adjustments  were  made,  it  will  usually  be  found 
to  be  a shade  out  of  the  center,  and  hence  requires  readjust- 
ment. After  adjusting  the  head-end  part  of  the  line,  try 
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the  crank-end  part  again  and  adjust  it.  Continue  this 
practice,  first  at  one  end  of  the  cylinder  and  then  at  the 
other,  until  no  further  adjustment  is  necessary  or  possible. 
Then,  if  the  measurements  have  been  carefully  made,  the 
line  c may  be  considered  to  coincide  with  the  center  line  of 
the  cylinder. 


G7.  If  the  crank-end  head  is  cast  solid  with  the  cylinder, 
as  is  frequently  the  case,  the  line  c must  be  trued  up  from 
the  bore  of  the  piston-rod  stuffingbox. 

This  may  be  done  by  means  of  a stick 
similar  to  that  shown  in  Fig.  2,  but  it 
may  be  more  conveniently  done  by 
means  of  the  device  shown  in  Fig.  3. 

This  device  consists  of  a hardwood 
block  <?,  which  is  turned  to  just  fit  into 
the  stuffingbox  and  has  a :^-inch  hole  b 
bored  in  the  exact  center.  The  face  of  the  block  is  faced 
square  with  the  outside,  and  two  center  lines  c d and  e f 
are  drawn  across  the  face  at  right  angles  to  each  other. 
By  sighting  along  these  lines,  it  is  easy  to  determine  when 
the  line  or  wire  is  central  with  the  stuffingbox. 


Fig.  3. 


68.  Stretcliiiig:  Center  Bine  of  Shaft. — After  comple- 
ting the  adjustment  of  the  line  r.  Fig.  1,  another  line,  as  is 
stretched  to  coincide  with  and  to  represent  the  center  line 
of  the  shaft ; it  must  be  at  right  angles  to  the  line  c and 
generally  must  be  level. 

In  many  engines,  the  outboard  bearing  Fig.  1,  is 
movable  to  a certain  extent  and  may  be  adjusted  in  regard 
to  its  relative  position  with  the  inboard  bearing  b\  The 
inboard  bearing,  however,  is  usually  cast  solid  with  the 
bedplate ; therefore,  it  is  fixed  and  cannot  be  moved.  Hence, 
in  adjusting  the  line  the  aim  must  be  to  stretch  the  line 
through  the  center  of  the  bearing  b and  at  the  same  time  to 
have  it  at  right  angles  to  the  liner.  In  order  to  accomplish 
this,  it  will  be  necessary  to  erect  two  standards,  as  shown  in 
Fig.  1,  to  which  to  fasten  the  line.  It  is  supposed  that  the 
top  brasses  and  caps  of  the  main-shaft  bearings  are  in  place 
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just  as  they  would  be  if  the  shaft  itself  were  in  place.  The 
alinement  of  the  line  d in  reference  to  the  bearing  d can  be 
tested  by  calipers,  but  a better  method  is  to  insert  a block  of 
wood,  made  as  shown  in  Fig.  3,  into  the  bore  of  the  bearing. 
It  would  be  well  to  fit  a similar  piece  of  wood  into  the  bore  of 
the  outboard  bearing  also,  as  it  will  greatly  facilitate  the 
adjusting  of  the  line  d by  passing  it  through  the  holes  in 
the  centers  of  these  blocks. 

69.  Squaring  Center  Line  of  Shaft. — We  may  now 
proceed  to  test  the  angle  between  the  two  lines  c and  d^ 
Fig.  1.  The  line  d may  be  approximately  squared  with  the 
line  by  a carpenter’s  square  pressed  gently  against  the  two 
lines.  Great  care  in  the  use  of  the  square  is  necessary, 
since  the  lines  will  yield  to  quite  an  appreciable  extent 
under  a very  slight  pressure.  A crowding  of  some  part  of 
the  square  against  either  line  will  deflect  it  and  seriously 
interfere  with  the  test.  If  the  square  shows  that  the  lines 
are  not  at  right  angles  to  each  other,  the  line  d should  be 
shifted  until  they  are,  always  keeping  in  mind  the  fact  that 
the  line  must  coincide  with  the  center  line  of  the  inboard 
bearing. 

70.  In  lining  engines  of  the  larger  sizes,  the  carpenter’s 
square  is  not  accurate  enough,  since  its  legs  are  very  short 
in  proportion  to  the  length  of  the  lines.  A somewhat  differ- 
ent method  may  then  be  used,  which  is  based  upon  the 
principles  of  geometry. 

Procure  a slender  strip  of  wood — 6,  8,  or  10  feet  long, 
according  to  the  extent  of  the  space  to  work  in.  Taper  the 
strip  to  a point,  like  a lead  pencil,  at  each  end;  divide  the 
strip  into  two  exactly  equal  parts  and  mark  it  plainly  in 
the  middle.  Now  hold  the  strip  gently  along  the  line  r. 
Fig.  1,  with  the  mark  in  the  middle  at  the  lirte  d\  mark  the 
line  c at  each  end  of  the  strip;  then  put  one  end  of  the  strip 
at  one  of  the  marks  just  made  on  line  c and  the  other  end 
of  the  strip  against  the  line  d and  mark  the  place  where 
the  end  of  the  strip  touches  the  line  d\  repeat  this 
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operation  on  the  other  side  of  the  line  r,  and  if  the  end  of  the 
strip  touches  the  line  d at  exactly  the  same  spot  that  it  did 
before,  the  line  d is  at  right  angles  to  the  line  c\  but  if  the 
end  of  the  strip  does  not  touch  the  same  spot  on  the  line  d 
at  both  trials,  the  line  d is  not  at  right  angles  to  the  line  r, 
and  the  line  d must  be  shifted  in  the  right  direction  and 
the  whole  operation  must  be  repeated  until  the  end  of  the 
strip  does  touch  the  line  d at  the  same  point  at  both  trials. 
In  shifting  the  line  during  these  operations,  care  must  be 
taken  that  its  position  through  the  center  line  of  the  inboard 
bearing  b’  is  maintained.  A convenient  method  of  marking 
the  lines  is  to  tie  a piece  of  bright-colored  thread  around 
the  lines  at  the  points  that  are  desired  to  be  marked.  The 
colored  threads  are  easily  sighted,  and  the  marks  are  more 
sharply  defined  and  cleaner  than  when  made  with  paint  or 
chalk  and  they  have  the  advantage  of  being  easily  shifted 
along  the  lines  at  will. 

71.  In  order  to  prevent  any  displacement  of  the  line 
while  measuring,  it  is  good  practice  to  place  blocks  of  wood 
or  any  other  convenient  material  against  it  at  the  points 
marked,  in  order  to  steady  it,  but  care  must  be  used  not  to 
defiect  the  line;  when  the  blocks  are  properly  placed,  they 
may  be  temporarily  secured  in  position. 

72.  Another  test  to  determine  whether  the  lines  are  at 
right  angles  to  each  other  is  to  measure  from  their  intersec- 
tion distances  of  6 and  8 feet,  one  on  each  line.  Then,  if  the 
measurement  from  line  to  line,  measuring  in  a straight  line 
from  the  points  just  laid  off,  is  10  feet  exactly,  the  lines  are 
at  right  angles.  Instead  of  using  the  values  6,  8,  and 
10  feet,  any  convenient  multiple  may  be  used. 

73.  leveling  Center  Eine  of  Shaft. — The  line  d repre- 
senting the  center  line  of  the  crank-shaft  may  be  tested  for 
being  level  by  means  of  a spirit  level,  taking  great  care  in 
applying  it  not  to  deflect  the  line.  Another  method  is  to 
drop  a plumb-line  from  overhead  touching  the  line  d. 
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Then,  if  the  line  d is  level,  it  evidently  must  be  at  right 
angles  to  the  plumb-line,  and,  consequently,  this  condition 
can  be  tested  in  the  same  manner  in  which  the  position  of 
line  d in  reference  to  line  c was  tested. 

74.  In  leveling  the  line  d^  Fig.  1,  it  should  not  be  allowed 
to  touch  the  line  lest  it  should  be  deflected;  it  should  pass 
just  over  or  just  under  it,  say  at  a distance  of  inch.  If 
the  lines  touch  each  other,  any  vertical  movement  of  either 
end  of  the  line  d will,  when  in  the  wrong  direction,  deflect 
both  lines,  thus  defeating  the  primary  object  of  stretching 
them;  viz.,  that  they  shall  represent  the  center  lines  of  the 
cylinder  and  shaft.  After  leveling  the  line  d^  it  is  well  to 
verify  the  relative  alinement  of  both  lines.  When  the  line  d 
is  properly  adjusted,  the  fifth  requirement  will  be  complied 
with  a degree  of  accuracy  sufficient  for  practical  purposes, 
providing  the  lines  d and  c will  just  clear  each  other  where 
they  cross. 

75.  In  lining  up  a new  engine  or  an  old  engine  with 
new  shaft-bearing  brasses,  it  is  generally  desirable  to  have 
the  center  line  of  the  shaft  lay  about  inch  above  the 
center  line  of  the  cylinder,  so  that  as  soon  as  the  brasses  and 
journals  have  worn  down  to  their  bearings,  the  center  line 
of  the  shaft  will  be  very  nearly  level  with  the  center  line  of 
the  cylinder. 

76.  Shifting^  Outboard  Bearing. — Having  proved  the 
correct  alinement  of  the  lines  c and  c/,  the  outboard  bearing 
may  now  be  shifted  until  the  line  d coincides  with  its  center 
line,  when  it  may  be  secured  in  position  permanently. 

77.  Testing:  Alinement  of  Guides. — We  are  now  ready 
to  test  the  guides  g,  g\  Fig.  1.  If  the  line  d is  level,  a spirit 
level  may  be  used  to  ascertain  if  they  are  in  the  proper 
plane  in  reference  to  d.  Their  adjustment  relative  to  the 
center  line  of  the  cylinder  may  be  tested  in  one  direction 
by  placing  a straightedge  successively  at  each  end  of  the 
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g-uides  and  squarely  across  them.  Then,  if  the  measure- 
ments from  the  lower  edge  of  the  straightedge  down  to  the 
line  c agree  at  both  ends  of  the  guides,  they  are  in  line  ver- 
tically. If  not,  the  same  ends  of  both  guides  must  either 
be  raised  or  lowered,  remembering  that  raising  one  end  of 
the  guide  is  equivalent  to  lowering  the  other  end.  By 
measuring  from  the  inside  edges  of  the  guides  to  the  line  r, 
it  may  be  ascertained  if  the  guides  are  parallel  to  each 
other  and  parallel  to  the  center  line  of  the  cylinder.  To 
ascertain  if  the  guides  are  in  a horizontal  plane,  a spirit 
level  may  be  placed  squarely  across  the  guides  at  both 
ends. 

78.  In  lining  the  guides  of  a Corliss  engine  a special 
device  similar  to  that  illustrated  in  Fig.  4 is  often  used. 
This  consists  of  a casting  a that  is  turned  to  fit  the  inside  of 


the  guides.  At  the  center  there  is  a small  hole  b through 
which  the  line  passes,  while  the  lines  cd  and  r /,  drawn 
at  right  angles  to  each  other,  serve  to  locate  the  center 
line  in  its  proper  position,  this  being  done  in  a manner 
similar  to  that  illustrated  in  Fig.  3 for  the  piston-rod 
stuffingbox. 


Fig.  4. 
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79.  Bedding  the  Shaft. — The  line  Fig.  1,  having 
been  removed,  the  crank-shaft,  crank,  and  flywheel  are  put 
in  place,  care  being  taken  not  to  disturb  the  line  c.  After 
the  bearings  have  been  adjusted  so  that  the  shaft  will  turn 
easily  in  them,  the  journals  of  the  shaft  should  be  wiped 
clean  and  given  a coat  of  red  or  black  marking  material. 
The  shaft  should  then  be  placed  in  its  bearings,  with  the 
lower  halves  of  the  brasses  in  position,  and  rocked  back  and 
forth  a few  times.  The  shaft  is  then  lifted  out  of  the  bear- 
ings and  the  high  spots  scraped  off  with  a half-round 
scraper.  This  operation  is  repeated  until  the  shaft  shows  a 
good  bearing  in  both  the  main  pillow-block  and  the  out- 
board bearing.  After  the  lower  halves  of  the  boxes  are 
scraped,  the  upper  halves  may  be  put  in  place  and  fitted  in 
like  manner.  The  shaft  is  now  lifted  from  its  bearings  and 
the  eccentrics  and  governor-driving  device  are  placed  in 
position,  after  which  the  shaft  is  returned  to  its  place. 
The  crank  and  flywheel  having  been  fitted  to  the  shaft  in 
the  shop,  it  is  to  be  presumed  that  they  are  true  with  the 
shaft. 


80.  Testing  Aliiiement  of  Sliaft. — In  order  to  make 
sure  that  the  shaft  is  exactly  at  right  angles  to  the  center  line 
of  the  cylinder  and  that  it  is  also  level,  the  following  course 


may  be  pursued:  The  crankpin  a.  Fig.  5,  is  brought  up  to 
the  center  line  c d and  a piece  of  wood  b is  fitted  between 
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the  face  of  the  crank  e and  the  head  of  the  crankpin  f.  A 
mark  is  made  on  this  piece  of  wood  to  coincide  with  the 
line  c d.  The  shaft  is  now  given  a half  revolution  to  bring 
the  crankpin  under  the  line  at  the  other  end  of  its  travel,  as 
shown  by  the  dotted  lines  at  a' . If  the  line  on  the  strip  of 
wood  b again  coincides  with  the  center  line  c c/,  the  shaft  is 
at  right  angles  to  the  center  line  of  the  cylinder. 

81.  Testing  leveling  of  Sliaft. — In  order  to  test  the 
shaft  to  see  whether  or  not  it  is  level,  a fine  plumb-line  may 
be  suspended  vertically  before  the  shaft  at  the  crank  end 
and  the  crankpin  a brought  into  contact  with  it  at  the  upper 
half-center  and  then  tested  again  at  the  lower  half  center. 
If  the  end  of  the  crankpin  just  touches  the  line  at  both 
upper  and  lower  half  centers,  the  shaft  is  horizontal. 

83.  Tilling  the  Crossliead. — The  line  r.  Fig.  1,  having 
been  removed,  the  piston,  piston  rod,  and  crosshead  are  put 
in  place,  centering  the  piston  in  the  cylinder  first  of  all, 
when  the  design  of  the  piston  is  such  as  to  make  this 
adjustment  necessary.  The  next  step  to  take  is  to  ascertain 
if  the  center  line  of  the  piston  coincides  with  the  center 
line  of  the  cylinder.  This  may  be  done  as  follows:  In 
Fig.  6,  let  d be  the  upper  surface  of  the  guides,  which, 
when  properly  alined, 
lies  parallel  to  the  cen- 
ter line  of  the  cylinder; 
the  piston  having  been 
previously  centered, 
the  center  line  of  the 
piston  rod  coincides 
with  the  center  line  of 
the  cylinder;  there- 
fore, the  piston  rod  should  be  parallel  with  the  upper 
surfaces  of  the  guides.  This  may  be  readily  tested  by 
placing  the  piston  at  the  forward  end  of  its  stroke;  then 
measure  downwards  from  the  lower  edge  of  a straightedge 
laid  across  the  guides  at  e and  f to  the  piston  rod.  If  the 
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two  measurements  agree,  the  piston  rod  is  in  line;  other- 
wise, the  crosshead  shoes  must  be  adjusted  until  the  piston 
rod  is  in  its  proper  position. 

83.  Testing  the  Craiikpin. — A method  of  testing  the 
accuracy  of  the  crankpin  is  shown  in  Fig.  7 and  it  may  be 

put  into  practice  as 
follows : Connect  the 
connecting-rod  to  the 
crankpin  and -key  up 
the  brasses  snugly  to 
the  pin;  then  put  the 
crank  on  or  near  one 
of  its  dead  centers,  as 
at  c.  Fig.  7,  and  ex- 
ert a slight  pressure 
against  the  wristpin 
end  of  the  connecting- 
rod  in  the  direction  of 
the  arrow  x,  in  order  to  take  up  any  lost  motion  in  the 
crankpin  brasses.  It  is  understood  that  the  connecting-rod 
is  disconnected  from  the  crosshead,  and  the  latter  is  pushed 
back  towards  the  cylinder,  so  as  to  be  out  of  the  way;  then 
measure  the  distance  a and  make  a note  of  it.  Put  the 
crank  on  or  near  the  other  dead  center  c'  and  measure  the 
distance  a\  Then,  if  the  distance  a is  equal  to  the  dis- 
tance a\  it  proves  that  the  center  line  of  the  crankpin  is 
parallel  to  the  center  line  of  the  shaft  in  the  horizontal 
plane.  But  it  is  necessary  that  similar  conditions  should 
prevail  in  the  vertical  plane.  To  test  this,  put  the  crank 
on  the  upper  half  center,  as  at  and  measure  from  the 
wristpin  end  of  the  connecting-rod  to  the  inner  edge  of  the 
guides,  as  before;  then  turn  the  crank  to  the  lower  half 
center  d'  and  measure  again  from  the  connecting-rod 
to  the  guides.  If  the  measurements  agree  for  both 
positions  of  the  crank,  the  crankpin  is  properly  alined. 
In  the  figure*  the  crankpin  is  shown  out  of  line,  the  con- 
necting-rod then  occupying  the  positions  shown  in  full 
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and  dotted  lines,  respectively.  If  the  error  is  very  small, 
it  may  sometimes  be  remedied  by  filing  and  scraping  the 
crankpin,  but  if  the  error  is  serious,  it  may  require  machine 
work. 


84.  Testing  Bore  of  Crankpin  and  Wristpin  Brasses. 

It  will  generally  be  advisable  to  ascertain  if  the  bore  of  the 
crankpin  brasses  is  at  right  angles  to  the  center  line  of  the 
connecting-rod.  This  may  be  done  by  putting  the  crank, 
with  the  connecting-rod  attached  to  the  crank  but  discon- 
nected from  the  crosshead,  on  one  of  its  dead  centers,  as 
at  r.  Fig.  7.  Then  measure  the  distance  from  the  inner 
edge  of  one  of  the  guides  to  the  crosshead  end  of  the  con- 
necting-rod, as  at  Fig.  7,  and  make  a note  of  it;  then 
take  the  rod  off  the  pin  and  turn  the  rod  half  way  around 
on  its  center  line  and  replace  it  on  the  pin.  Now  measure 
from  as  before ; if  the  two  measurements  agree,  the 
brasses  are  correctly  bored.  To  make  this  test  still  more 
satisfactory,  the  operation  may  be  repeated  for  several  dif- 
ferent positions  of  the  crank.  The  wristpin  end  of  the  rod 
may  be  tested  in  like  manner;  in  this  case  the  rod  is  discon- 
nected from  the  crankpin  and  the  measurements  are  taken 
from  the  face  of  the  crank  or  from  the  collar  of  the  crank- 
pin to  the  crankpin  end  of  the  connecting-rod.  If  the 
connecting-rod  cannot  pass  this  test  satisfactorily,  the 
brasses  must  be  fitted  to  the  crankpin  and  wristpin  by 
chipping,  filing,  and  scraping  until  it  fills  the  require- 
ments. 

85,  Testin^^  Alinement  of  Wristpin. — The  alinement 
of  the  wristpin  may  now  be  tested,  for  which  purpose  the 
connecting-rod  may  be  used.  Key  the  rod  rather  snugly  to 
the  wristpin,  having  it  disconnected  from  the  crankpin. 
Then  place  the  crank  on  or  near  one  of  its  dead  centers  and 
push  the  crosshead  forwards  until  the  end  of  the  connecting- 
rod  just  rests  on  the  crankpin.  If  the  center  line  of  the  rod 
is  the  same  distance  from  both  collars  of  the  crankpin,  the 
wristpin  is  in  the  correct  position  in  one  direction.  To 
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prove  it  for  another  direction,  put  the  crank  on  one  of  its 
half  centers  and  repeat  the  above  described  operation.  If 
the  result  is  the  same  as  before,  the  wristpin  is  in  its  correct 
position  relative  to  the  center  lines  of  the  cylinder  and 
shaft. 

80.  Testing  Alinement  of  Connecting-Rod  Brasses 
in  Reference  to  Eacli  Otlier.  — It  still  remains  to  be 
proved  that  the  center  lines  of  the  crankpin  brasses  and  the 
wristpin  brasses  lie  in  the  same  plane.  This  is  a very  nec- 
essary condition,  because,  otherwise,  the  brasses  when 
keyed  tightly  to  one  pin  will  not  fit  the  other  pin,  or,  as 
usually  expressed,  they  will  bear  on  one  side  only.  To 
make  this  test,  a thin  coating  of  Prussian  blue  or  red-lead 
paint  is  put  on  the  crankpin  and  the  rod  is  connected  up 
and  adjusted  rather  snugly  to  the  wristpin  and  a little  less 
snugly  to  the  crankpin.  The  crank  is  then  turned  through 
one  revolution,  when  the  crankpin  brasses  may  be  examined. 
If  they  show  marking  all  over,  their  correct  adjustment  is 
assured,  but  if  the  coloring  matter  is  rubbed  off  at  either 
end  of  the  crankpin,  it  shows  that  the  brasses  do  not  fit  the 
pin  and  that  they  must  be  filed  and  scraped  until  they  bear 
equally  on  all  parts  of  the  pin. 

87.  Order  of  Operations.  — An  engineer  in  lining  up 
his  engine  or  testing  his  engine  for  alinement,  will  do  well 
to  perform  the  various  operations  in  the  same  order  as 
given  here ; he  should  remember  that  in  order  to  insure 
correct  results,  each  part  of  the  engine  tested  must  be 
alined  before  proceeding  further.  Thus,  it  is  folly  to 
attempt  to  prove  by  the  methods  given  here  that  the  center 
line  of  the  brasses  are  in  the  same  plane  before  the  cor- 
rect relative  alinement  of  the  wristpin  and  crankpin  are 
proven. 

If  a new  engine  is  so  far  out  of  line  that  it  cannot  readily 
be  adjusted  by  liners  and  scraping  brasses  while  the 
various  parts  are  being  assembled,  it  should  be  placed  in 
good  order  by  the  builder. 
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POUN^DmG  OF  EN^amES. 


CAUSES. 

88.  The  causes  of  pounding  in  engines  are  various; 
they  are  not  always  easy  to  locate  in  a large  engine,  owing 
to  the  difficulty  of  locating  the  exact  source  of  the  sounds. 
These  sounds  serve  as  a warning,  however,  that  something 
is  wrong  about  the  machinery,  and  no  time  should  be  lost  in 
ascertaining  where  and  what  it  is  and  taking  measures  to 
stop  it,  thereby  preventing  a possible  breakdown. 


LOOSE  BRASSES. 

89.  The  most  frequent  cause  of  pounding  in  engines 
is  loose  journal  brasses;  the  pounding  is  produced  by 
the  journals  striking  against  the  sides  of  the  brasses  as 
the  cranks  are  passing  the  centers  and  at  the  instant  the 
change  of  direction  in  the  motion  of  the  pistons  takes  place. 
If  the  journal-boxes  are  very  slack,  the  pounding  may  be 
so  violent  as  to  cause  heating  of  the  journal  and  boxes  by 
the  succession  of  blows  they  receive;  this  may  especially 
occur  at  the  crankpins.  The  remedy  for  pounding  of  this 
nature  is  obvious.  Stop  the  engine  and  set  up  on  the 
brasses  gradually,  until,  after  trial,  the  pounding  ceases, 
taking  great  care  that  they  are  not  set  up  too  tight,  else 
they  will  heat  from  friction,  which  may  have  a more  dis- 
astrous effect  than  a moderate  amount  of  pounding.  In 
the  case  of  shaft  journals,  they  may  be  set  up  without 
stopping  the  engine,  provided  they  can  be  reached  without 
danger  of  the  engineer  being  caught  in  the  machinery. 

90.  It  may  so  happen  that  the  boxes  or  brasses  are 
worn  down  until  the  edges  of  the  upper  half  and  the  edges 
of  the  lower  half  are  in  contact  and  cannot  be  set  up  on  the 
journal  any  farther;  they  are  then  said  to  be  brass  and 
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Tjras??,  or  l)rass  bound.  In  a case  of  this  kind,  the  journal 
must  be  stripped,  as  it  is  called,  when  the  cap  and  brasses 
are  removed  from  a journal.  The  edges  of  the  brasses  are 
then  chipped  or  filed  off,  in  order  to  allow  them  to  be  closed 
in ; the  amount  to  be  taken  off  may  be  determined  by  trying 
the  brasses  on  the  journal  occasionally  or  by  calipering  the 
journal  with  outside  calipers,  transferring  the  measurement 
to  a pair  of  inside  calipers,  with  which  to  measure  the  bore 
of  the  brasses  as  they  are  being  fitted.  It  is  a most  excel- 
lent plan  in  practice  to  reduce  the  two  halves  of  the  brasses 
so  that  they  will  stand  off  from  each  other  when  in  place 
for  a distance  of  ^ inch  to  inch  and  fill  this  space  with 
hard  sheet-brass  liners,  say  from  20  to  22  Birmingham  wire 
gauge  in  thickness  each.  The  object  is  this:  Should  the 

journal  become  brass  bound,  the  cap  may  be  slacked  off 
and  a pair  of  the  liners  slipped  out  without  the  necessity  of 
stripping  the  journal,  which  it  is  desirable  to  avoid  when- 
ever possible  for  the  reason  that  it  seems  to  be  impossible 
in  practice  to  put  the  journal  brasses  back  just  where  they 
were  before  they  were  disturbed.  In  large  engines  it  is 
almost  always  the  case  that  journals  will  heat  after  being 
stripped,  and  they  require  a special  watch  for  several  days 
or  until  they  settle  down  to  their  proper  position  relative  to 
the  journal. 

91.  In  some  instances  journal-boxes  are  fitted  with 
keepers,  or  eliipping;  ijieces,  as  they  are  sometimes  called. 
These  consist  usually  of  a cast-brass  liner,  anywhere  from 
^ inch  to  + inch  in  thickness,  having  ribs  or  ridges  cast  on 
one  side,  for  convenience  of  chipping  and  filing.  These 
keepers  are  sometimes  made  of  hardwood  and  are  capable 
of  being  compressed  slightly  by  the  pressure  exerted  upon 
them  during  the  setting-up  process.  When  the  boxes  are 
babbitted,  the  body  of  the  box  is  occasionally  made  of  cast 
iron,  in  which  case  iron  liners  and  keepers  are  used  instead 
of  brass  ones. 

92.  The  crankpins,  being  the  journals  most  liable  to  heat 
either  from  pounding  or  from  friction  caused  by  the  brasses 
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being  set  up  too  tightly,  and  on  account  of  the  compara- 
tively small  surface  over  which  the  friction  is  distributed, 
require  the  greatest  care  and  need  constant  watching.  The 
oiling  device  should  be  of  the  best  and  the  oil  should  never 
be  permitted  to  stop  feeding  or  the  oiling  device  to  get  out 
of  order,  else  there  will  be  trouble. 


LOOSE  THRUST  BEARING. 

93.  In  engines  fitted  with  some  types  of  friction  coup- 
lings, there  is  a thrust  exerted  upon  the  shaft  in  the  direc- 
tion of  its  length.  This  will  'necessitate  having  a tlirust 
bearing,  or  thrust  block,  as  it  is  sometimes  called.  There 
is  a variety  of  thrust  bearings,  but  the  most  common  is  the 
collar  thrust,  which  consists  of  a series  of  collars  on  the 
shaft  that  fit  in  corresponding  depressions  in  the  bearing. 
If  these  collars  do  not  fit  in  the  depressions  rather  snugly, 
the  shaft  will  have  end  play  and  there  probably  will  be 
more  or  less  pounding  or  backlash  at  every  change  of  load 
on  the  engine.  This  can  only  be  remedied  by  putting  in  a 
new  thrust  bearing  and  making  a better  fit  with  the  shaft 
collars,  unless  the  rings  in  the  bearing  are  adjustable,  as  is 
sometimes  the  case,  when,  of  course,  the  end  play  may  be 
taken  up  by  adjusting  the  rings. 


WATER  IX  CYLINDER. 

94.  Pounding  often  occurs  in'the  cylinders  and  is  fre- 
quently caused^  by  water,  due  to  condensation  or  carried 
over  from  the  boilers.  This  may  be  a warning  that  priming 
is  likely  to  occur  in  the  boilers  or  has  already  commenced. 
The  first  thing  to  do  at  such  a time,  if  the  cylinders  are  not 
fitted  with  automatic  relief  valves,  is  to  open  the  drain 
cocks  as  quickly  as  possible  and  to  close  down  the  throttle 
a little  to  check  the  priming. 

If  boilers  show  a chronic  tendency  to  prime,  it  is  because 
they  are  too  small  for  the  engine,  or  they  have  not 
steam  space  enough,  or  the  water  may  be  carried  too  high 
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in  them,  which  will  cause  a considerable  reduction  of  the 
steam  space.  Unsteady  firing,  producing  great  fluctuations 
in  the  steam  pressure,  will  also  cause  both  foaming  and  pri- 
ming, the  result  of  which  is  that  water  will  be  carried  over 
from  the  boilers  into  the  cylinders.  This  is  always  a source 
of  danger. 

Water  is  non-compressible ; therefore,  after  the  clearance 
space  of  the  cylinder  is  filled  and  more  water  is  allowed  to 
enter,  if  there  is  no  way  for  it  to  escape,  either  the  cylinder 
head  will  be  blown  out  or  the  piston  broken.  Partly  closing 
the  stop-valve  of  the  boiler  showing  a tendency  to  prime, 
thereby  wiredrawing  the  steam  a little,  will  generally  check 
priming,  if  the  remedy  is  applied  before  the  priming  becomes 
violent,  after  which  it  is  difficult  to  suppress. 


LOOSE  PISTON. 

95,  Another  source  of  pounding  in  the  cylinder  is  that 
the  piston  may  be  loose  on  the  rod ; this  is  caused  by  the 
piston-rod  nut  or  key  backing  off  or  the  riveting  becom- 
ing loose,  permitting  the  piston  to  play  back  and  forth  on 
the  piston  rod.  If  due  to  the  nut  backing  off,  the  engine 
should  be  shut  down  instantly  on  its  discovery.  There  is 
very  little  room  to  spare  generally  between  the  piston-rod 
nut  and  the  cylinder  head ; therefore,  it  cannot  back  off  very 
far  before  it  will  strike  and  break  the  cylinder  head.  After 
the  engine  is  stopped  and  the  main  stop-valve  closed,  take 
off  the  cylinder  head  and  set  up  on  the  piston  nut  as  tightly 
as  possible ; there  is  usually  a socket  wrench  furnished  with 
each  engine  expressly  for  this  purpose. 

96.  Although  piston-rod  nuts  seldom  work  loose  and 
those  of  vertical  engines  are  less  liable  to  do  so  than  others, 
still  as  a measure  of  safety  a taper  split  pin  should  in  all 
cases  be  fitted  through  the  piston  rod  behind  the  nut  or  a 
setscrew  fitted  through  the  nut.  If,  on  examination,  this 
setscrew  is  found  slack,  the  cause  of  the  nut  backing  off  is 
thereby  explained,  and  it  should  be  screwed  down  solid  to 
prevent  a recurrence  of  the  trouble. 
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S1.ACK  FOI.LOAVEK  PIRATE. 

97.  A slack  piston  follower  plate,  or  junk  ring,  as  it 
is  called  by  English  engineers,  will  cause  pounding  in  the 
cylinder.  It  seldom  happens,  however,  that  all  the  follower 
bolts  back  out  at  one  time  unless  they  fit  very  loosely  in 
their  sockets,  but  it  is  not  an  infrequent  occurrence  that  one 
of  the  follower  bolts  works  itself  out  altogether  and  swashes 
about  the  cylinder  at  random.  This  is  a very  dangerous 
condition  of  affairs,  especially  in  a horizontal  engine.  If 
the  bolt  should  get  “ end  on  ” between  the  piston  and  cylin- 
der head,  which  it  surely  will  sooner  or  later,  either  the  pis- 
ton or  the  cylinder  head  is  bound  to  be  broken.  Therefore,  if 
there  is  any  intimation  that  a follower  bolt  is  adrift  in  the 
cylinder,  shut  down  the  engine  instantly,  take  off  the  cylin- 
der head,  remove  the  old  bolt,  and  put  in  one  having  a 
tighter  fit. 


BROKEN  PISTON  PACKING. 

98.  Broken  packing  rings  and  broken  piston  springs  will 
cause  a great  noise  in  the  cylinder,  but  it  is  more  of  a rattling 
than  a pounding  noise,  and  the  sound  will  easily  be  recog- 
nized by  the  practiced  ear.  There  is  not  so  much  danger  of 
a serious  breakdown  from  these  causes  as  may  be  supposed, 
from  the  fact  that  the  broken  pieces  are  confined  within  the 
space  between  the  follower  plate  and  the  piston  flange. 
Although  they  rattle  around  in  the  cylinder  and  make  a 
startling  din,  they  cannot  get  out  or  do  much  harm,  aside 
from  causing  a leaky  piston  in  the  case  of  the  packing  rings 
breaking  or  possibly  slightly  scoring  the  cylinder  face.  Asa 
matter  of  course,  this  should  be  repaired  as  soon  as  possible. 


PISTON  STRIKING  HEADS. 

99.  There  is  another  source  of  pounding  in  the  cylinder 
that  is  usually  confined  to  old  engines;  it  is  produced  by 
the  piston  striking  one  or  the  other  cylinder  head.  One  of 
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the  causes  of  this  is  the  wearing  away  of  the  connecting-rod 
brasses.  Keying  up  the  brasses  from  time  to  time  has  the 
effect  of  lengthening  or  shortening  the  connecting-rod, 
depending  on  the  design,  and  this  change  in  length  destroys 
the  clearance  at  one  end  of  the  cylinder  by  an  equal  amount. 
The  remedy  is  to  restore  the  rod  to  its  original  length  by 
placing  sheet-metal  liners  behind  the  brasses;  this  obviously 
will  move  the  piston  back  or  ahead  and  restore  the  clearance. 
It  may  -be  mentioned  here  that  the  length  of  a connecting- 
rod  is  measured  from  center  to  center  of  the  bore  of  the 
crankpin  and  wristpin  brasses. 

It  is  obvious  that  the  piston  should  never  be  allowed  to 
strike  the  cylinder  head.  This  condition  generally  is  not 
reached  suddenly ; it  is  brought  about  gradually,  covering  a 
considerable  period  of  time  amply  sufficient  to  forestall  any 
such  occurrence.  A rather  rare  case  of  the  piston  striking 
the  cylinder  head  is  due  to  the  piston  rod  unscrewing  from 
the  crosshead,  in  case  it  is  fastened  by  a thread  and  check- 
nut.  To  obviate  any  danger,  the  check-nut  should  be  tried 
frequently. 

Every  reciprocating  steam  engine  should  have  the  length 
of  the  stroke  and  the  clearance  space  at  each  end  of  the 
cylinder  marked  on  the  guides;  by  this  means  the  relative 
positions  of  the  piston  and  cylinder  heads  can  always  be  seen 
at  a glance. 


IMPROPER  STEAM  BISTRIBUTION. 

100.  The  primary  cause  of  another  source  of  pounding 
is  the  improper  setting  of  the  steam  valve,  or  possibly  its 
improper  design,  as  it  cannot  always  be  accepted  as  granted 
that  the  valve  is  properly  designed.  In  the  case  of  improper 
setting  of  the  valve,  insufficient  compression,  insufficient 
lead,  cut-off  too  early,  and  late  release  may  all  cause  pound- 
ing on  the  centers. 

101.  The  manner  in  which  insufficient  compression 
causes  pounding  maybe  explained  as  follows;  For  practical 
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reasons  there  must  always  be  some  lost  motion  at  the  wrist- 
pin,  crankpin,  and  shaft  bearings.  Now,  in  passing  the  dead 
centers,  the  direction  of  pressure  is  suddenly  reversed,  and  in 
consequence  the  piston  rod,  connecting-rod,  and  crank-shaft 
will  be  suddenly  thrown  forwards  by  the  inrushing  steam  to 
an  extent  depending  on  the  lost  motion  at  the  pins  and  shaft 
bearing.  It  is  this  sudden  changing  of  the  lost  motion  from 
one  brass  to  another,  with  a violence  that  may  be  likened  to 
a blow,  that  causes  an  engine  to  knock  in  passing  the  centers 
when  compression  is  insufficient. 

102,  The  effect  of  a reversal  of  pressure  is  clearly  shown 
in  Fig.  8.  With  the  crankpin  at  a and  the  engine  running 


over,  the  connecting-rod  is  subjected  to  a pull,  but  after  the 
crankpin  has  passed  the  dead  center  r,  the  connecting-rod  is 
subjected  to  a push,  in  which  case  the  rear  brass,  as  shown 
at  d,  bears  against  the  crankpin,  while  in  the  former  case, 
as  shown  at  ci,  the  front  brass  bears  against  the  crankpin. 

By  giving  a sufficient  amount  of  compression,  the  lost 
motion  in  the  pins  and  journals  is  transferred  gently  from  one 
side  to  the  other  before  the  crankpin  reaches  the  dead  center, 
so  that  by  the  time  the  live  steam  suddenly  acts  on  the 
piston  it  cannot  throw  the  rod  forwards.  If  the  compression 
is  insufficient  to  gently  take  up  the  lost  motion,  there  will  be 
pounding. 
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103.  Too  much  compression  causes  such  a great  resist- 
ance to  the  motion  of  the  crank  that  it  will  tend  to  slow  it 
down  and  thus  increase  the  unsteadiness  of  the  engine. 
Abnormal  compression  manifests  itself  by  a dull,  muffled 
sound  in  the  cylinder  or  on  an  indicator  card  by  the  com- 
pression line  rising  above  the  steam  line.  It  will  not  cause 
any  pounding  at  the  journals. 

104.  Insufflcient  lead  is  a common  cause  of  pounding; 
in  fact,  it  is  rare  to  see  an  indicator  card  that  shows  suffi- 
cient steam  lead.  The  exact  amount  of  lead  to  be  given  to 
prevent  pounding  can  only  be  determined  by  an  actual 
trial;  in  general,  slow-speed  engines  will  require  less  lead 
than  high-speed  engines.  In  most  engines  the  lead  can  be 
readily  changed  by  a proper  adjustment  of  the  valve  gear. 
In  automatic  cut-off,  high-speed  engines  of  the  shaft-gov- 
ernor type,  however,  it  is  not  possible,  as  a general  rule, 
to  change  the  lead  by  any  simple  adjustment,  the  lead 
having  been  fixed  by  the  builder,  and  a change  of  it  will 
require  an  extensive  rebuilding  of  the  governor. 

105.  The  reason  that  insufflcient  lead  causes  an  engine 
to  pound  is  because  the  piston  has  then  little  or  no  cushion 
to  impinge  upon  as  it  approaches  the  end  of  its  stroke,  and  it 
is  brought  to  rest  with  a jerk,  as  it  were.  A similar  effect 
will  be  produced  by  a late  release;  the  pressure  is  retained 
too  long  on  the  driving  side  of  the  piston.  The  ideal  condi- 
tion is  that  the  pressures  shall  be  equal  on  both  sides  of  the 
piston  at  a point  in  its  travel  just  in  advance  of  the  opening 
of  the  steam  port.  The  position  of  this  point  varies  with 
the  speed  of  the  piston  and  other  conditions  that  the  indi- 
cator card  only  can  reveal;  in  fact,  all  conditions  dependent 
on  the  set  of  the  steam  valve  can  be  investigated  only  by 
the  help  of  the  indicator  card.  Any  departure  from  the 
ideal  condition  above  mentioned  will  produce  more  or  less 
pounding  in  an  engine. 

lOG.  A too  early  cut-off  will  expand  the  steam  down 
too  low — even  below  the  back-pressure  line  sometimes. 
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This  is  an  abnormal  condition,  which  will  cause  pounding, 
and  should  not  be  permitted  to  occur. 

A very  high  vacuum  in  a condensing  engine  will  some- 
times cause  pounding  by  not  permitting  sufficient  cushion 
for  the  piston  to  impinge  upon. 


POUXDIXG  AT  CROSSHEAD. 

107.  The  crosshead  is  a prolific  source  of  thumping 
and  pounding  from  various  causes,  of  which  the  getting 
loose  of  the  piston  rod  is  one  of  the  most  common  causes. 
There  are  several  methods  of  attaching  the  piston  rod  to 
the  crosshead.  The  rod  may  pass  through  the  crosshead 
with  a shoulder  or  taper,  or  both,  on  one  side  of  the  cross- 
head and  a nut  on  the  other;  or  the  rod  may  be  secured  to 
the  crosshead  by  a cross  key,  instead  of  the  nut;  or  the 
end  of  the  rod  may  be  threaded  and  screwed  into  the  cross- 
head, having  a check-nut  to  hold  the  rod  in  place.  In  the 
first-mentioned  case,  the  nut  may  work  loose,  which  would 
cause  the  crosshead  to  receive  a violent  blow,  first,  by  the 
nut  on  one  side  and  then  by  the  shoulder  or  taper  on  the 
other  at  each  change  of  motion  of  the  piston.  The  remedy 
is  obvious — set  up  the  nut.  A similar  effect  will  be  pro- 
duced if  the  cross  key  should  work  loose  and  back  out,  the 
remedy  for  which  is  to  drive  in  the  key.  In  the  case  of  the 
piston  rod  being  screwed  into  the  crosshead  and  the  rod 
slacking  back,  the  danger  is  that  the  piston  will  strike  the 
rear  cylinder  head.  The  check-nut  should  be  closely  watched. 

108.  Another  source  of  pounding  at  the  crosshead  is 
loose  wristpin  brasses,  the  remedy  for  which  is  to  set  up  on 
the  brasses,  but  not  too  tight. 

109.  In  the  case  of  a crosshead  working  between  paral- 
lel guides,  pounding  may  be  caused  by  the  crosshead  being 
too  loose  between  the  guides;  in  that  case  the  crosshead 
shoes  should  be  set  out. 
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no.  In  the  case  of  a slipper  crosshead,  pounding  will 
result  from  the  wearing  down  of  the  shoe,  the  cure  for  which 
is  to  put  a liner  between  the  shoe  and  the  foot  of  the  cross- 
head or  to  set  it  out  with  whatever  means  of  adjustment 
are  provided. 


POUNDING  IN  Am  PUMP. 

111.  Pounding  in  the  air  pump  is  generally  produced  by 
the  slamming  of  the  valves,  caused  by  an  undue  amount  of 
water  in  the  pump,  which  will  usually  relieve  itself  after  a 
few  strokes.  The  pump  piston,  however,  may  be  loose  on  the 
piston  rod  or  the  piston  rod  may  be  loose  in  the  crosshead, 
either  of  which  will  cause  pounding.  A broken  valve  may 
also  cause  pounding  in  the  air  pump,  all  of  which  must  be 
repaired  as  soon  as  detected. 


POUNDING  IN  CIRCULATING  PUMP. 

112.  In  a circulating  pump  of  the  reciprocating  type, 
pounding  may  be  caused  by  too  much  or  too  little  injection 
water,  and  the  pounding  may  be  stopped  by  adjusting  the 
injection  valve  to  admit  just  the  right  quantity  of  water. 
It  may  so  happen,  however,  that  the  injection  water  is  very 
cold,  and  to  admit  enough  of  it  to  stop  the  pounding  in  the 
circulating  pump  will  make  the  feedwater  too  cold.  To 
meet  this  contingency,  should  it  arise,  an  air  check-valve  is 
often  fitted  to  the  circulating  pump  to  admit  air  into  the 
barrel  of  the  pump  as  a cushion  for  the  piston;  this  check- 
valve  may  be  kept  closed,  when  not  needed  to  admit  air,  by 
means  of  a screw  stem  above  it. 

A broken  valve,  the  piston  loose  on  the  piston  rod,  or  the 
piston  rod  loose  in  the  crosshead  will  all  cause  pounding  in 
the  circulating  pump,  the  same  as  in  the  air  pump,  and  they 
should  all  be  treated  in  the  same  manner  as  was  specified 
for  similar  troubles  in  the  air  pump. 


31 


ENGINE  MANAGEMENT. 


45 


CONCLUSIO?^^. 

113.  The  derangements  causing  pounding,  as  well  as 
derangements  of  machinery  in  general,  produce  their  own 
individual  sounds,  which  are  easily  recognized  by  the  experi- 
enced engineer.  It  is  here  that  the  attentive  and  careful 
engineer  will  prove  his  value,  as  by  taking  prompt  and 
judicious  action  he  will  prevent  a breakdown.  He  should  be 
able  to  detect  any  unusual  noise  about  his  engine,  though  it 
may  be  imperceptible  to  the  unpracticed  ear.  It  is  almost 
always  the  case  that  any  derangement  of  the  parts  of  an 
engine  will  give  timely  notice  by  an  unusual  sound,  and  if 
this  warning  is  heeded  and  promptly  acted  on  by  the 
engineer,  a breakdown  can  generally  be  prevented.  The 
various  sounds  produced  by  an  engine  while  running  can  be 
learned  only  in  the  engine  room  by  the  engineer  who  is 
responsible  for  the  proper  running  of  the  engine.  They 
cannot  be  learned  in  any  other  way. 

114.  The  engineer,  knowing  the  various  causes  that 
produce  pounding  and  thumping  in  his  engine,  can  prevent 
them  in  a great  measure  by  keeping  the  engine  in  such  good 
order  that  they  cannot  occur. 
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HOT  BEAlimOS. 


CAUSE,  PREVENTIOIS,  CURE. 


GENERAL  INSTRUCTIONS. 

1.  Introduction. — Hot  bearings  are  the  source  of  much 
anxiety  and  annoyance  to  the  engineer,  besides  interfering 
very  seriously  with  the  proper  performance  of  the  engine. 

2,  Causes. — The  primary  causes  that  lead  to  the  heating 
of  bearings  may  be  enumerated  as  follows 

Newly  fitted  brasses  and  journals. 

Refitted  brasses  and  journals. 

Brasses  set  up  too  tightly. 

Brasses  too  loose. 

Warped  and  cracked  brasses. 

Cut  brasses  and  journals. 

Imperfectly  fitted  brasses. 

Brasses  pinching  the  journal  at  their  edges. 

Oil  feed  stopped  entirely. 

Not  enough  oil. 

Dirty  and  gritty  oils,  or  oils  of  bad  quality. 

Oil  squeezed  out  of  the  bearings. 

Grit  from  any  source  in  the  bearings. 
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Journals  too  small,  either  in  diameter  or  in  length. 

Overloaded  engine. 

Engine  out  of  alinement. 

External  heat. 

Brasses  fitted  too  snugly  between  collars  of  journal. 

Springing  of  bedplate. 

Springing  or  shifting  of  pedestal  or  pillow-block. 

3.  Best  Form  of  Bearing. — The  bearing  of  an  engine 
in  which  the  shaft  journals  run  should  approximate,  as  nearly 
as  possible,  a hole  through  a solid  support.  If  it  were  pos- 
sible, a hole  with  a bushing  of  suitable  metal  in  it  would 
form  the  best  possible  bearing  for  a shaft ; but  since  the 
bearing,  however  well  designed  and  made,  will  in  course  of 
time  wear  somewhat,  it  becomes  a necessity  that  there 
should  be  some  means  of  adjusting  the  brasses,  so  as  to  pre- 
vent the  shaft  having  a side  movement  when  they  are  worn. 

4.  Adjustment  of  Bearings. — Some  engineers  consider 
it  an  error  to  make  bearings  adjustable;  they  say  it  gives 
an  opportunity  for  careless  men  to  do  mischief  through  lack 
of  judgment.  It  is  certainly  a fact  that  one  of  the  principal 
causes  of  hot  bearings  is  setting  them  up  too  tightly.  Some 
persons,  as  soon  as  they  hear  a pound  or  noise  about  an 
engine  immediately  conclude  that  some  bearing  is  slack  and 
tighten  it  up;  this  propensity  is  to  be  deplored.  There  are 
numerous  other  causes  of  pounding  in  engines  besides  slack 
bearings,  and  the  engineer  should  be  fully  convinced  that 
the  pound  is  caused  by  slack  brasses  before  setting  them  up. 
Bearings  on  an  engine  that  is  in  line  and  in  good  order,  if 
properly  adjusted,  will  run  smoothly  and  noiselessly  for 
months  without  having  to  be  touched  with  hammer  or 
wrench,  and  it  should  be  the  object  of  an  engineer  to  get  his 
engine  into  that  condition  as  soon  as  possible  and  to  keep  it  so. 

5.  Watching  Bearings. — Bearings,  particularly  those 
of  large  engines,  require  constant  watching.  The  engi- 
neer or  oiler  should  know  at  all  times  the  condition  of 
every  bearing  and  oil  cup ; this  will  require  frequent  trips 
around  the  engine  to  examine  the  oil  cups  to  ascertain  if  they 
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are  feeding  and  if  they  contain  sufficient  oil  and  to  replenish 
the  oil  in  the  cups  whenever  necessary.  While  making  his 
rounds,  he  should  feel  with  the  palm  of  his  hand  the  brasses 
of  those  bearings  that  have  shown  a tendency  to  heat  and 
those  that  are  most  liable  to  heat,  particularly  the  crankpins. 


TREATMENT  OF  HOT  BEARINGS. 

G.  Mixtures  for  Reduein|>f  Friction. — Should  any  of 
the  bearings  show  an  inclination  to  heat,  as  indicated  by  its 
temperature  rising  above  blood  heat  or  above  the  tempera- 
ture of  the  surrounding  atmosphere,  the  oil  feed  should  be 
increased ; if  the  oil  does  not  feed  freely,  run  a wire  through 
the  oil  tubes.  If  the  bearing  continues  to  get  hotter,  mix 
some  flake  graphite  (black  lead),  flour  sulphur,  or  powdered 
soapstone  with  the  oil  and  feed  the  mixture  into  the  bearing 
through  the  oil  holes,  between  the  brasses,  or  Avherever  else 
it  can  be  forced  in.  A little  aqua  ammonia  introduced  into 
a hot  bearing  will  sometimes  check  heating  by  converting 
the  oil  into  soap  by  saponification,  soap  being  an  excellent 
lubricant.  Mineral  oils  will  not  saponify. 

7.  Hanger  of  Increasing  Heating.  — If,  after  trying 
the  remedies  just  mentioned,  the  bearing  continues  to*grow 
hotter,  say  to  the  extent  of  scorching  the  hand  or  burning 
the  oil,  it  indicates  that  the  brasses  have  been  expanded  by 
the  heat  and  that  they  are  gripping  the  journal  harder  and 
harder  the  hotter  they  get;  at  this  stage,  if  the  engine  is 
not  stopped  or  if  the  heating  is  not  checked,  the  condition  - 
of  the  bearing  will  continue  to  grow  worse  as  long  as  the 
engine  is  running,  and  may  become  so  bad  as  to  slow  down 
and  eventually  stop  the  engine  by  excessive  friction.  By 
this  time  the  brasses  and  journal  are  badly  cut  and  in  bad  con- 
dition generally,  and  the  engine  must  be  laid  up  for  repairs. 

8.  Remedies  for  Increasing  Heating.  — The  state  of 
affairs  mentioned  in  Art.  7 should  not  be  permitted  to  be 
reached.  After  the  simple  remedies  given  in  Art.  G have 
been  tried  and  failed  to  produce  the  desired  result,  the 
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engine  should  be  stopped  and  the  cap  nuts  or  key  of  the 
hot  bearing  should  be  slacked  back  and  the  engine  allowed 
to  stand  until  the  bearing  has  cooled  off.  If  necessity 
requires  it,  the  cooling  may  be  hastened  by  pouring  cold 
water  upon  the  bearing,  though  this  is  objectionable,  as  it 
may  cause  the  brasses  to  warp  or  crack  by  unequal  con- 
traction. Putting  water  on  a very  hot  bearing  should  be 
resorted  to  only  in  an  emergency,  that  is,  when  an  engine 
must  be  kept  running  regardless  of  a spoiled  pair  of  brasses. 
Water  may  be  used  on  a moderately  hot  bearing  without 
doing  very  much  harm.  It  is  quite  common  in  practice, 
when  sprinklers  are  fitted  to  an  engine,  to  run  a light  spray 
of  water  on  the  crankpins  when  they  show  a tendency  to 
heat,  with  very  beneficial  results. 

9.  If  the  engine  is  not  started  again  until  the  faulty 
bearing  has  become  perfectly  cool,  the  cap  nuts  or  key 
should  be  set  up  a little,  but  not  too  much,  before  starting; 
otherwise,  the  brasses,  having  been  slacked  off,  may  be  too 
loose,  and  excessive  thumping  and  pounding  will  ensue. 

10.  Dangerous  Heating.  — Should  a bearing  become 
so  hot  as  to  scorch  the  hand  or  to  burn  oil  before  it  is  dis- 
covered or  through  the  necessity  of  keeping  the  engine 
running  from  some  cause,  it  is  imperative  that  the  engine 
should  be  stopped,  at  least  long  enough  to  loosen  up  the 
brasses,  even  though  it  is  necessary  to  start  up  again 
immediately,  otherwise  the  brasses  will  be  damaged  beyond 
repair  and  deep  grooves  cut  into  the  journals.  If  the 
brasses  are  babbitted,  the  white  metal  will  melt  out  of  the 
bearing  at  this  stage.  The  engine  is  now  disabled,  and  if 
there  is  not  a spare  set  of  brasses  on  hand,  it  will  be  in- 
operative until  the  old  brasses  are  rebabbitted,  if  they  are 
worth  it,  or  until  a new  set  is  made  and  fitted.  If  an 
attempt  is  made  to  rebabbitt  a brass  while  it  is  in  place 
under  the  shaft,  the  chances  are  that  the  attempt  will  result 
in  a failure. 

11.  Keei)lng  Engine  With  Hot  Bearing  Running. 

If  it  is  absolutely  necessary  in  an  emergency  to  keep  the 
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engine  running  at  all  hazards  while  a bearing  is  very  hot, 
the  engineer  must  exercise  his  best  judgment  as  to  how  he 
shall  proceed.  After  slacking  olf  the  brasses,  about  the 
best  he  can  do  is  deluge  the  inside  of  the  bearing  with  a 
mixture  of  oil  and  graphite,  sulphur,  soapstone,  etc.,  and 
the  outside  with  cold  water  from  buckets,  sprinklers,  or 
hose,  taking  the  chances  of  ruining  the  brasses  and  sub- 
mitting to  cutting  the  journal.  Of  course,  the  engine  must 
be  stopped  as  soon  as  the  emergency  has  passed  and  the 
journal  then  stripped.  It  is  to  be  expected  that  the  journal 
will  be  found  to  be  deeply  grooved  and  the  brasses  cut  and 
warped.  If  the  brasses  were  babbitted,  most  of  the  white 
metal  will  have  disappeared  and  little  else  but  the  frame- 
work of  the  brasses  will  be  left.  But  if  the  brasses  are  made 
of  solid  composition  or  bronze,  they  can  be  refitted  for  at 
least  temporary  use  or  until  new  ones  can  be  procured. 

12,  Refitting  a Cut  Bearing. — The  wearing  surfaces 
of  the  brasses  and  journal  must  be  smoothed  off  as  well  as 
circumstances  will  permit;  but  if  the  grooves  are  very 
deeply  cut,  it  will  be  useless  to  attempt  to  work  them  out 
entirely,  and  if  the  brasses  are  very  much  warped  or  badly 
cracked,  it  will  be  best  to  put  in  the  spare  ones  if  any  are 
on  hand.  If  not,  the  old  ones  must  be  refitted  and  used 
until  a new  set  can  be  procured,  which  should  be  done  as 
soon  as  possible.  As  for  the  journal,  it  is  permanently 
damaged;  temporary  repairs  can  be  made  by  smoothing 
down  the  journal  and  brasses;  but  at  the  first  opportunity 
the  journal  should  be  turned  in  a lathe  and  the  brasses 
properly  refitted  or  be  replaced  with  new  ones. 

13.  After  a bearing  has  once  been  heated  up  sufficiently 
to  cut  the  brasses  and  journal  or  to  warp  or  crack  the 
brasses,  it  is  afterwards  constantly  in  danger  of  heating  up 
again  on  the  slightest  provocation  ; and  the  engine  is  thereby 
rendered  unreliable  and  uncertain  in  regard  to  its  steady 
running.  No  precaution  that  can  be  taken  to  prevent  the 
heating  of  bearings  is  too  great  to  be  used  for  the  attain- 
ment of  this  end. 
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CAUSES  OF  HOT  BEARIIS^GS  IN  DETAIL. 


NEWLY  FITTED  BRASSES  AND  JOURNALS. 

14.  Cause  of  Friction. — The  bearings  of  new  engines 
are  particularly  liable  to  heat,  due  to  the  wearing  surfaces  of 
the  brasses  and  journal  having  just  been  machined.  Newly 
worked  metal,  when  viewed  through  a powerful  microscope, 
presents  the  appearance  of  being  a mass  of  fine  needle  points 
projecting  outwards.  When  the  newly  worked  surfaces  of 
two  pieces  of  metal  are  rubbed  together  under  pressure,  the 
needle  points  of  one  piece  engage  with  the  needle  points  of 
the  other  piece  and  excessive  friction  is  produced,  the  result 
being  that  the  surfaces  in  contact  are  cut  into  grooves, 
which  still  further  increases  the  friction;  but  if  the  rubbing 
process  is  continued  in  a moderate  manner,  so  that  the  sur- 
faces in  contact  do  not  cut,  the  needle  points  will  be  bent 
over  gradually,  each  point  forming  a small  hook.  Millions 
of  these  little  hooks  side  by  side  form  a shell  or  a hard  sur- 
face on  the  rubbing  parts,  and  the  needle  points  can  no 
longei*  engage  with  each  other,  thereby  lessening  very 
greatly  the  danger  of  heating  by  friction  and  eliminating 
it  entirely  when  properly  lubricated. 

15,  Wearing  Down  Bearings. — The  conditions  men- 
tioned in  Art.  14  exist  with  new  brasses  and  the  journal 
of  an  engine  bearing;  therefore,  if  a new  engine  or  one 
Avith  new  brasses  is  run  moderately,  in  regard  to  both 
speed  and  load,  and  with  rather  loose  brasses,  until  the 
needle  points  are  bent  over,  there  will  be  little  danger  of 
the  bearings  heating  thereafter  from  this  cause  if  proper 
attention  is  given  to  their  adjustment  and  lubrication. 
This  is  what  is  familiarly  termed  wearing  down  tlie  bear- 
ings. The  impression  generally  conveyed  by  this  expression 
is  that  the  metal  of  the  brasses  and  journal  is  actually  Avorn 
aAvay;  such  is  not  the  case,  hoAveA^er,  as  has  been  explained.- 
If  the  journal  is  true  and  if  the  brasses  are  properly  fitted 
to  it,  there  is  no  necessity  for  them  to  be  ivorn  doAvn;  to 
bend  over  the  needle  points  is  all  that  is  required. 
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16.  Uneven  Bearing-  of  Brasses. — Another  source  of 
heating  of  bearings  of  new  engines  is  the  following;  For 
practical  reasons  there  must  be  a little  play  between  the 
brasses  and  their  beds;  this  permits  a slight  movement  of 
the  brasses  when  pressure  is  exerted  on  them  by  the  shaft ; 
and  notwithstanding  the  fact  that  they  may  have  been 
most  carefully  fitted  in  the  shop,  they  require  a certain 
amount  of  running  to  properly  adjust  and  accommodate 
themselves  to  their  surroundings.  This  is  especially  the 
case  with  the  bearings  of  large  engines,  and  the  same  con- 
ditions will  obtain  every  time  the  brasses  are  removed.  It 
seems  almost  impossible  in  practice  to  put  the  brasses  of  a 
large  bearing  back  again  just  where  they  were  before 
removal;  it  always  requires  time  for  them  to  settle  into 
their  old  places;  therefore,  they  should  not  be  disturbed 
unless  there  is  a positive  necessity  for  doing  so.  The 
direct  cause  of  the  tendency  to  heat  in  this  instance  is  that 
the  brasses  do  not  bear  evenly  on  the  journal  after  the 
several  parts  of  the  bearing  are  assembled.  When  a bear- 
ing runs  well,  it  is  not  good  practice  to  disturb  it;  it  is  bet- 
ter to  leave  well  enough  alone. 


REFITTED  BRASSES  AND  JOURNALS. 

17.  The  bearings  of  an  engine  that  has  just  been 
thoroughly  overhauled  and  the  journals  and  brasses  of 
which  have  been  refitted  are  liable  to  heat.  The  wearing 
surfaces  of  the  bearings  having  been  newly  worked  or 
machined,  the  surface  of  the  metal  is  in  the  needle  stage, 
and,  also,  the  brasses  have  not  yet  had  a chance  to  adjust 
themselves  to  the  journal  and  their  beds.  The  engine, 
therefore,  is  in  about  the  same  condition  as  a new  engine,  so 
far  as  the  bearings  are  concerned,  and  should  be  treated  in 
the  same  manner,  i.  e.,  it  should  be  run  moderately,  with 
loose  brasses,  until  the  needle  points  are  bent  over  and  a 
shell  has  been  formed  on  the  wearing  surfaces,  and  until 
the  brasses  have  accommodated  themselves  to  their  sur- 
roundings. 
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BRASSES  SET  UP  TOO  TIGHTLY. 

18.  When  the  brasses  of  an  engine  bearing  are  set  up 
too  tightly,  heating  is  inevitable,  and  probably  more  hot 
bearings  result  from  this  cause  than  any  other,  and  with  less 
excuse.  It  is  often  the  case  that  an  attempt  is  made  to  stop 
a thump  or  a pound  in  an  engine  by  setting  up  the  brasses 
when  the  thump  could  and  should  be  stopped  in  some  other 
way. 

19.  The  direct  cause  of  heating  of  bearings  when  the 
brasses  are  set  up  too  tightly  is  the  abnormal  friction  that 
is  produced  by  the  brasses  binding  on  the  journal.  The 
prevention  and  cure  are  obvious.  The  brasses  should  not 
be  set  up  too  tightly,  and  if  they  are,  they  should  be  slacked 
off  as  soon  as  possible.  As  a matter  of  fact,  hot  bearings 
should  never  occur  from  this  cause.  Only  a responsible 
person  should  have  charge  of  the  bearings  and  no  one  else 
should  be  permitted  to  meddle  with  their  adjustment. 


BRASSES  TOO  LOOSE. 

20.  Bearings  may  heat  on  account  of  the  brasses  being 
too  loose.  The  heating  is  caused  by  the  hammering  of  the 
journal  against  the  brasses  when  the  crankpin  is  passing  the 
dead  centers.  This  derangement  is  easily  remedied,  how- 
ever, by  setting  up  the  cap  nuts  or  key.  Here  the  experi- 
ence and  judgment  of  the  engineer  is  called  into  play  to 
decide  just  how  much  to  set  up,  as  it  is  very  easy  to  overdo 
the  matter  and  set  up  too  far,  with  a hot  bearing  as  the 
result. 

21.  Most  practical  engineers  have  their  own  particular 
views  regarding  the  setting  up  of  bearings.  One  method  is 
to  set  up  the  cap  nuts  or  key  nearly  solid  and  then  slack 
them  back  half  way ; if  the  brasses  are  still  too  loose,  they 
are  set  up  again  and  slacked  back  less  than  before,  repeat- 
ing this  operation  until  the  ideal  position  is  reached,  that  is, 
when  there  is  neither  thumping  nor  heating.  It  is  important 
that  this  desired  point  be  approached  very  gradually  and 
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carefully,  else  the  chances  are  that  it  will  be  overreached 
and  the  operation  will  have  to  be  repeated  all  over  again. 

22,  Another  method  of  setting  up  journal  brasses  is  as 
follows;  Fill  up  the  spaces  between  the  brasses  with  thin 
metal  liners,  say  from  18  to  22  Birmingham  wire  gauge  in 
thickness,  and  a few  paper  liners  for  fine  adjustment;  put 
in  enough  of  them  to  cause  the  brasses  to  set  rather  loosely 
on  the  journal  when  the  cap  nuts  or  keys  are  set  up  solid. 
Run  the  engine  for  a while  in  that  condition  and  note  the 
effect;  then  take  out  a pair  of  the  liners  and  set  up  solid 
again.  Repeat  this  operation  until  the  brasses  have  reached 
the  ideal  point,  when  there  is  neither  thumping  nor  heating, 
and  there  let  them  remain  as  long  as  they  fill  the  ideal  con- 
dition. It  may  require  a week  or  more,  and  with  a large 
engine  longer,  to  reach  the  desired  point,  but  it  will  be.  all 
the  better  to  give  the  needle  points  time  to  be  bent  over 
and  the  brasses  time  to  adjust  themselves.  If  this  system 
of  treating  bearings  is  carefully  carried  out,  there  will  be 
very  little  danger  of  their  heating.  When  the  proper  point 
is  reached,  the  engine  should  run  a long  time  without  requir- 
ing any  further  adjustment  of  the  bearings.  In  removing 
the  liners,  great  care  should  be  exercised  not  to  disturb  the 
brasses  any  more  than  is  absolutely  necessary.  A pair  of 
thin,  flat-nosed  pliers  will  be  found  useful  in  slipping  out  the 
liners.  This  method  is  preferable  to  the  first  one  men- 
tioned, because  there  is  not  so  much  danger  of  setting  the 
brasses  up  too  far. 


WARPED  AND  CRACKED  BRASSES. 

2S,  Warped  and  cracked  brasses  will  cause  heating, 
because  they  do  not  bear  evenly  on  the  journal,  and  hence 
the  friction  is  not  distributed  over  the  entire  surface, 
as  it  should  be.  The  remedy  will  depend  on  the  extent 
of  the  distortion  of  the  brasses.  Mf  the  distortion  is 
not  too  great,  the  brasses  may  be  refitted  to  the  jour- 
nal by  chipping,  filing,  and  scraping;  but  if  they  are  twisted 
so  much  that  they  cannot,  within  reasonable  limits,  be 
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refitted,  nothing  will  do  but  new  brasses.  Warped  and 
cracked  brasses  are  the  result  of  putting  water  on  them 
while  they  are  very  hot,  which  should  be  avoided  if  possible. 


CUT  BRASSES  ANU  JOURJ^AES. 

24.  Brasses  and  journals  that  have  been  hot  enough  to 
be  cut  and  grooved  are  liable  to  heat  up  again  any  time  on 
account  of  the  undue  friction  produced  by  the  roughness  of 
the  wearing  surfaces.  As  long  as  the  grooves  in  the  journal 
are  parallel  and  match  the  grooves  in  the  brasses,  the  fric- 
tion is  not  greatly  increased;  but  if  a smooth  journal  is 
placed  between  a set  of  brasses  that  are  grooved  and  pres- 
sure is  applied,  the  journal  crushes  the  grooves  in  the  brasses 
and  becomes  brazed  or  coated  with  brass,  and  then  the 
coefficient  of  friction  becomes  very  high  and  heating  results. 

The  way  to  prevent  heating  from  this  cause  is  to  work 
the  grooves  out  of  the  journal  and  brasses  by  filing  and 
scraping  as  soon  as  possible  after  they  occur. 


IMPEREECTLA"  FITTED  BRASSES. 

25,  Faulty  workmanship  is  a common  cause  of  the  heat- 
ing of  crankpins,  wristpins,  and  bearings.  The  brasses  in 
that  case  do  not  bear  fairly  or  sit  squarely  in  their  beds,  and 
while  they  appear  all  right  to  the  eye,  they  may  not  be 
square  in  the  bearing.  A crankpin  brass  must  sit  squarely 
on  the  end  of  the  connecting-rod  and  the  rod  itself  must 
be  square.  If  the  key,  when  driven,  forces  the  brasses  to 
one  side  or  the  other  and  twists  the  strap  on  the  rod,  it  will 
draw  the  brasses  slantwise  on  the  pin  and  make  them  bear 
the  hardest  on  one  side  or  the  other,  thus  reducing  the  area 
of  the  wearing  surfaces.  The  same  is  true  of  the  shaft 
bearings.  If  the  brasses  do  not  bed  fairly  on  the  bottom  of 
the  pillow-block  casting  or  do  not  go  down  evenly,  without 
springing  in  any  way,  they  will  not  run  as  they  should,  and 
heating  will  result.  Chronic  heating  of  bearings  is  almost 
always  caused  by  badly  fitting  brasses.  This  is  a defect  that 
should  be  looked  for  and  remedied  at  once,  if  found  to  exist. 
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§ 32 

BRASSES  PINCHING  THE  JOURNAL  AT  THEIR  EDGES. 

26.  Brasses,  when  first  heated  by  abnormal  friction,  tend 
to  expand  along  the  surface  in  contact  with  the  journal; 
this  would  open  the  brass  and  make  the  bore  of  larger  diam- 
eter, if  it  were  not  prevented  by  the  cooler  part  near  the 
outside  and  by  the  bedplate  itself. 

If  the  brass  has  become  hot  quickly  and  excessively, 
the  resistance  to  expansion  produces  a permanent  set  on 
the  layers  of  metal  near  the  journal,  so  that  on  cooling,  the 
brass  closes  and  grips  the  journal;  it  will  then  set  up  suffi- 
cient friction  to  heat  again  and  expand  sufficiently  to  ease 
itself  from  the  journal,  and  so  long  as  that  temperature  is 
maintained  the  journal  runs  easily  in  the  bearing.  This  is 
why  some  bearings  always  run  a trifle  warm  and  will  not 
work  cool.  A continuance  of  heating  and  cooling  will  set  up 
a mechanical  action  at  the  middle  of  the  brass,  which  must 
eventually  end  in  cracking  it,  just 
as  a piece  of  sheet  metal  is  broken 
by  continually  bending  it  back- 
wards and  forwards  about  a cer 
tain  line. 

27.  The  cause  of  heating  men- 

tioned in  Art.  26  may  be  pre- 
vented by  chipping  off  the  brasses 
at  their  edges  parallel  to  the 
journal,  as  shown  at  a and  a\  pig.  i. 

Fig.  1,  in  which  A is  a sectional  view  of  the  journal  and  B' 
represent  the  top  and  bottom  brasses. 

OIL  EEED  STOPPED. 

28.  It  does  not  take  many  minutes  for  a bearing  to  get 

very  hot  if  it  is  deprived  of  oil:  The  two  principal  causes 

of  a bearing  becoming  dry  are  an  oil  cup  that  has  stopped 
feeding,  either  by  reason  of  being  empty  or  by  being  clogged 
up  from  dirt  in  the  oil,  and  oil  holes  and  oil  grooves  stopped 
up  with  accumulated  dirt  and  gum.  Both  of  these  condi- 
tions are  the  direct  result  of  negligence,  and  their  existence 
can  always  be  prevented  by  the  exercise  of  reasonable  care. 
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NOT  r.NOITGII  OIL. 

29.  The  effects  produced  upon  a bearing  by  an  insuffi- 
cient oil  supply  is  similar  to  that  of  no  oil,  only  in  a lesser 
degree.  Of  course  it  will  take  longer  for  a bearing  to  heat 
with  insufficient  oil  than  with  none  at  all,  and  the  engineer 
has  more  time  in  which  to  discover  and  remedy  the  diffi- 
culty. As  a rule,  however,  more  oil  is  used  on  bearings 
than  is  actually  necessary,  and  a waste  of  oil  is  the  result. 
A drop  of  oil  at  the  right  time  and  in  the  right  place  is  just 
as  good  as  a quart  injudiciously  applied.  A steady  feed,  a 
drop  at  a time,  is  what  a journal  requires. 


DIRTY  AND  GRITTY  OILS  AND  OTTS  OF  RAD  QtTATITY. 

30.  Oils  containing  dirt  and  grit  or  deficient  in  lubrica- 
ting quality  are  prolific  sources  of  hot  bearings;  but  it  ils 
within  the  province  and  power  of  the  engineer  to  guard 
against  such  causes.  There  is  a great  deal  of  dirt  in  lubri- 
cating oils  of  the  average  quality,  as  engineers  find  who 
strain  it;  therefore,  all  oil  should  be  strained  through  a 
cloth  or  filtered,  no  matter  how  clear  it  looks.  All  oil  cups, 
oil  cans,  and  oil  tubes  and  channels  should  be  thoroughly 
cleaned  out  frequently.  Oil  may  be  removed  from  the  cups 
by  means  of  an  oil  syringe,  with  which  every  engine  room 
should  be  supplied.  All  oil  removed  from  the  cups  and  cans 
should  be  strained  or  filtered  before  using.  If  the  above 
instructions  are  strictly  followed,  all  danger  of  bearings 
heating  from  the  use  of  dirty  and  gritty  oils  will  be  elim- 
inated. 

31.  Bearings  heating  from  the  use  of  oils  of  bad  quality 
are  not  so  easily  disposed  of,  however;  there  is  such  a great 
variety  of  lubricating  oils  on  the  market  whose  quality  can- 
not be  definitively  decided  upon  without  an  actual  trial  that 
it  is  a difficult  matter  to  avoid  getting  a bad  lot  of  oil  some- 
times. About  the  only  safe  way  to  meet  this  trouble  is  to 
pay  a fair  price  to  a reputable  dealer  for  oil  that  is  known 
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to  be  of  good  quality,  unless  the  purchaser  is  an  expert  in 
oils.  Cheap  combination  oils,  generally  speaking,  are  very 
deficient  in  lubricating  qualities  and  hence  should  be 
avoided,  as  also  should  gummy  oils,  which  choke  up  the  oil 
channels  and  glue  the  brasses  and  journals  together  over 
night. 

32.  Brasses  of  very  large  bearings  are  often  cored  out 
hollow  for  the  circulation  of  water  through  them,  which 
assists  very  materially  in  keeping  them  cool. 


OIL  SQUEEZED  OUT  OF  BEAIII?^GS. 

33.  Bearings  carrying  very  heavy  shafts  sometimes 
refuse  to  take  the  oil,  or  if  they  do  it  is  squeezed  out  at  the 
ends  of  the  brasses  or  through  the  oil  holes,  when  the  jour- 
nal will  run  dry  and  heat.  The  great  weight  of  the  shaft 
causes  the  journal  to  hug  the  bottom  brass  so  closely  that 
the  oil  cannot  penetrate  between  them,  or,  if  it  does,  it  is 
immediately  rejected.  Large  journals  require  oil  of  a high 
degree  of  viscosity,  or  heavy  oil,  as  it  is  popularly  called. 
Oil  of  this  character  has  more  difficulty  in  working  its  way 
under  a heavy  shaft  than  a thin  oil  has,  but  thin  oil  has  not 
the  body  necessary  to  lubricate  a large  journal. 

This  difficulty  may  be  met  by  chipping  oil  grooves  or 
channels  in  the  brasses.  A round-nosed  cape  chisel,  slightly 
curved,  is  generally  used  for  this  purpose,  taking  care  to 
smooth  off  the  burrs  made  by  the  chisel;  a steel  scraper  or 
the  point  of  a flat  file  will  do  this.  The  grooves  are  usually 
cut  into  the  brass  in  the  form  of  a V if  the  engine  is  required 
to  run  only  in  one  direction;  if  it  is  to  run  in  both  direc- 
tions, the  grooves  should  form  an  X.  In  the  first  instance 
care  must  be  taken  that  the  V is  forward  of  the  direction  of 
the  rotation  of  the  shaft;  that  is,  the  grooves  should  spread 
out  from  their  junction  in  the  same  direction  as  that  in 
which  the  journal  turns.  The  oil  grooves  may  be  about 
i inch  wide  and  ^ inch  deep  and  semicircular  in  cross- 
section. 
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GRIT  IN  BEARINGS  FROM  ANY  SOURCE. 

34,  Grit  is  an  endless  and  ever-present  source  of  heating 
of  bearings;  it  is  only  by  persistent  effort  on  the  part  of  the 
engineer  that  he  can  keep  his  machinery  running  cool  in 
a dirty  atmosphere.  Experience  is  the  best  instructor  in 
this  matter.  The  causes  of  this  condition  are  innumerable, 
therefore,  it  is  only  possible  to  mention  a few  of  them  here. 
The  machinery  of  coal  breakers,  stone  crushers,  and  kindred 
industries  is  especially  liable  to  be  affected  in  this  way. 
Work  done  on  a floor  over  an  engine  shakes  dirt  down  upon 
it  at  some  time  or  other;  all  floors  over  engines  should  be 
made  absolutely  dust-proof  by  laying  paper  between  the 
planks  to  prevent  this.  A prolific  cause  of  hot  bearings 
from  grit,  if  the  engine  room  and  firerooms  communicate,  is 
carelessness  in  wetting  down  the  ashes  and  clinkers.  If  piles 
of  red-hot  clinkers  and  ashes  are  deluged  with  buckets  of 
water,  which  is  the  common  practice,  the  water  is  instantly 
converted  into  a large  volume  of  steam  that  rises  with  a 
leap,  carrying  with  it  large  quantities  of  small  particles  of 
ashes  and  grit  that  penetrate  into  every  nook  and  cranny  to 
which  it  has  access,  and  it  will  find  its  way  into  the  bearings 
sooner  or  later.  Throwing  large  quantities  of  water  on  the 
hot  clinkers  and  ashes  should  be  stopped ; sprinkle  them 
instead  and  close  the  fireroom  door  while  the  ashes  and 
clinkers  are  being  hauled  or  wet  down  or  while  the  fires  are 
being  cleaned  or  hauled. 

35.  If  emery,  emery  cloth,  Bath  brick,  or  other  gritty 
cleaning  material  is  used  around  a bearing,  it  is  sure  to  get 
inside  and  cause  trouble;  it  is,  therefore,  better  not  to  use 
them  in  too  close  proximity  to  a bearing. 

30.  As  a precaution  against  grit  getting  into  a bearing, 
all  open  oil  holes  should  be  plugged  with  wooden  plugs  or 
bits  of  clean  cotton  waste  as  soon  as  possible  after  the 
engine  is  stopped,  and  should  be  kept  closed  until  ready  to 
oil  the  engine  again  preparatory  to  starting  up.  Plaited 
hemp  or  cotton  gaskets  should  also  be  laid  over  the  crevices 
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between  the  ends  of  the'brasses  and  the  collars  of  the  jour- 
nals of  every  bearing  on  the  engine  and  kept  there  while 
the  engine  is  standing  still. 

37.  Bearings  are  now  in  use  that,  it  is  claimed  by  their 
makers,  are  dust-proof,  but  their  use  does  not  relieve  the 
engineer  from  the  responsibility  of  taking  every  precaution 
possible  to  keep  grit  and  dirt  out  of  the  bearings  of  his 
engine. 


JOURNALS  THAT  AltE  TOO  SMALL. 

38.  Journals  that  have  insufficient  superficial  area  of 
wearing  surface  will  heat.  In  practice  only  a certain  amount 
of  pressure  per  square  ineh  of  area  can  be  sustained  by  a 
bearing  before  the  friction  reaches  the  point  that  will  cause 
heating. 

The  pressure  that  a bearing  will  sustain  per  square  ineh  of 
area  of  rubbing  surface  without  heating  depends  on  the 
materials  of  which  the  journal  and  brasses  are  composed,  the 
fineness  of  their  finish,  the  accuracy  of  their  fit,  the  adjust- 
ment of  the  brasses,  and  the  lubricant  used. 

39.  Pressure  and  friction  have  a direct  relation  to  each 
other.  Less  friction  is  produced  per  square  inch  of  surface 
by  a long  journal  than  by  a short  one  of  equal  diameter  with 
the  same  total  pressure;  therefore,  a long  journal  is  not 
nearly  so  liable  to  heat  as  a short  one  of  the  same  diameter, 
and  a journal  of  large  diameter  is  not  so  liable  to  heat  as  one 
of  small  diameter  of  equal  length.  It  is  the  aim  of  the 
designer  to  so  proportion  the  journal  that  the  pressure  or 
friction  will  not  exceed  the  practical  limit  that  the  bearing 
will  sustain.  The  total  amount  of  friction  of  two  bodies  in 
contact  depends  on  the  pressure  of  the  one  on  the  other  and 
is  nearly  independent  of  the  area  of  the  surfaces  in  contact, 
hence  the  necessity  of  engine  journals  being  large  enough  to 
distribute  the  friction  over  a sufficient  area  of  surface. 

40.  There  is  only  one  cure  for  a bearing  that  heats  con- 
stantly on  account  of  being  too  small.  This  is  to  make  it 


16 


ENGINE  MANAGEMENT. 


32 


larger  if  circumstances  permit  it  to  be  done.  If  this  is 
impossible,  the  best  of  lubricant  must  be  used,  and  if  neces- 
sary, water  must  be  run  constantly  on  the  bearing.  It  is  a 
good  idea  to  have  a set  of  spare  brasses  in  readiness  for  an 
emergency. 


OVERLOADED  ENGINES. 

41.  The  effect  produced  by  overloading  an  engine  is 
precisely  similar  to  that  of  the  journals  being  too  small. 
The  pressure  on  the  brasses  being  increased  to  a point  beyond 
that  for  which  they  were  designed,  the  friction  exceeds  the 
practical  limit  and  the  bearing  heats.  The  only  thing  to  do 
to  remedy  this  difficulty  is  to  reduce  the  load  on  the  engine 
to  within  the  amount  it  was  intended  to  stand. 

42.  In  the  case  of  an  engine  being  run  at  or  near  its  limit 
of  endurance,  or  if  the  journals  are  too  small,  especially  if  a 
large  loss  should  be  incurred  by  the  machinery  being  shut 
down  while  new  brasses  are  being  made  and  fitted,  it  would 
be  a wise  and  economical  precaution  to  have  a complete  set 
of  spare  brasses,  especially  if  the  brasses  are  babbitted,  on 
hand  ready  to  slip  in  when  the  fatal  moment  arrives,  as  it 
surely  will. 


ENGINE  OUT  OF  LINE. 

43.  If  an  engine  is  not  in  line,  the  brasses  do  not  bear 
fairly  upon  the  journals.  This  will  reduce  the  area  of 
the  wearing  surfaces  in  contact  to  such-  an  extent  that  the 
friction  is  in  excess  of  the  practical  limit,  which  necessarily 
^vill  cause  heating.  If  the  engine  is  not  very  greatly  out  of 
line,  matters  may  be  considerably  improved  by  refitting  the 
brasses  by  filing  and  scraping  down  the  parts  of  the  brasses 
that  bear  most  heavily  on  the  journal.  If  this  does  not 
answer,  the  heating  will  continue  until  the  engine  is  lined  up. 

44.  The  crosshead  guides  of  an  engine  out  of  line  are  apt 
to  heat,  and  they  will  continue  to  give  trouble  until  the 
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defect  is  remedied.  The  guides  may  also  heat  from  other 
causes;  for  instance,  the  gibs  may  be  set  up  or  lined  up  too 
much.  Of  course,  if  such  is  the  case,  they  should  be  slacked 
off.  The  danger  of  guides  heating  may  be  very  much 
lessened  by  chipping  zigzag  oil  grooves  in  their  wearing 
surfaces  and  by  attaching  to  the  crosshead  oil  wipers,  made 
of  cotton  lamp  wicking  arranged  so  as  to  dip  into  oil  reservoirs 
at  each  end  of  guides  if  they  are  horizontal,  and  at  the  lower 
end  if  they  are  vertical.  These  wipers  will  spread  a flim  of 
oil  over  the  guides  at  every  stroke  of  the  crosshead,  which 
will  keep  them  well  lubricated. 


EXTERNAI.  HEAT. 

45.  Bearings  may  get  hot  by  the  application  of  external 
heat.  This  may  be  the  case  if  the  engine  is  placed  too  near 
furnaces  or  an  uncovered  boiler,  or  in  an  atmosphere  heated 
by  uncovered  steam  pipes  or  other  means.  The  excessive 
heat  of  the  atmosphere  will  then  expand  the  brasses  until 
they  nip  the  journals,  which  will  generate  additional  heat  and 
cause  further  expansion  of  the  brasses,  and  so  on  until  a hot 
bearing  is  the  result. 

46.  If  the  engine  is  placed  close  enough  to  a furnace  to 
cause  heating  from  that  source,  a tight  partition  should  be 
put  up,  if  possible ; this  will  also  prevent  dirt  and  grit  from 
the  fireroom  getting  into  the  bearings.  If  the  boilers,  steam 
pipes,  and  cylinders  are  unclothed,  they  should  be  covered 
with  some  good  non-conducting  material;  and  possibly  a 
ventilating  fan  could  be  rigged  up  to  advantage.  Other 
remedies  depend  on  the  conditions  and  require  the  judg- 
ment of  the  engineer. 


BRASSES  TOO  LONG. 

47.  If  the  brasses  are  too  long  and  bear  against  the  col- 
lars of  the  journal  when  cold,  they  will  most  surely  heat 
after  the  engine  has  been  running  a while ; it  is  hardly  pos- 
sible to  run  bearings  stone  cold,  they  ivill  warm  up  a little 
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and  the  brasses  will  be  expanded  thereby,  which  will  cause 
them  to  bear  still  harder  against  the  collars.  This,  in  turn, 
will  induce  greater  friction  and  more  expansion  of  the 
brasses. 

48.  The  evil  may  be  obviated  by  chipping  or  filing  a 
little  off  each  end  of  the  brasses  until  they  cease  to  bear 
against  the  collars  while  running.  A little  side  play  is  a 
good  thing  for  another  reason,  which  is  that  it  promotes  a 
better  distribution  of  the  oil  and  prevents  the  journal  and 
brasses  wearing  into  concentric  parallel  grooves. 


SPRINGING  OF  REDPRATE. 

49.  If  the  bedplate  of  an  engine  is  not  rigid  enough  to 
resist  the  vibration  of  the  moving  parts,  or  if  it  is  sprung 
from  the  uneven  setting  or  the  unstability  of  the  foundation, 
the  engine  will  be  thrown  out  of  line  either  intermittently  or 
permanently,  and  the  bearings  will  heat  from  the  causes 
and  conditions  mentioned  in  Arts.  43  and  44;  but  it  will  do 
no  good  to  refit  the  brasses  unless  the  engine  bed  is  stiffened 
in  some  way  and  leveled  up.  The  form  of  the  bedplate  and 
the  surrounding  conditions  generally  must  suggest  the  best 
way  to  meet  this  difficulty. 


SPRINGING  OR  SHIFTING  OF  PEDESTAL  OR  PILLOW-BLOCK. 

50.  The  effect  of  the  springing  or  shifting  of  the  pedestal 
or  pillow-block  is  similar  to  the  springing  of  the  engine  bed; 
that  is,  the  bearing  will  be  thrown  out  of  line,  with  the  con- 
sequent danger  of  heating.  As  the  pedestal  is  usually 
adjustable,  it  is  an  easy  matter  to  readjust  it,  after  which 
the  holding-down  bolts  should  be  screwed  down  hard.  This 
is  one  of  the  few  instances  where  it  is  permissible  for  the 
engineer  to  put  his  strength  on  the  wrench.  As  a rule,  a 
nut  or  bolt  should  be  set  up  just  solid;  with  very  rare  excep- 
tions, a sledge  hammer  should  never  be  used  in  driving  a 
wrench,  as  3-inch  steel  bolts  have  been  broken  in  this  way. 
It  is  also  very  bad  practice  to  drive  a nut  up  with  cold 
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chisel  and  hammer,  unless  the  nut  is  in  a position  that  it  is 
impossible  to  reach  it  with  a wrench. 

If  a pedestal  is  not  stiff  enough  to  resist  the  strains  upon 
it  and  it  springs,  measures  should  be  taken  to  stiffen  it. 
The  method  to  be  used  can  only  be  determined  on  the  spot 
and  calls  for  the  exercise  of  judgment  on  the  part  of  the 
engineer. 


LUBEICAXTS,  LU15KICATIOX,  AXD 
BLBIUCATOES. 


EU15R1CANTS. 


IXTRODUCTIOX. 

51.  Classi ficatioii.  — Lubricants  maybe  divided  into 
three  distinct  classes,  viz.,  animal^  vegetable^  and  mineral. 
The  name  of  each  designates  its  origin.  There  are  also 
lubricants  that  are  composed  of  a combination  of  two  or 
more  of  the  above  primary  classes,  which  practically  form 
another,  or  fourth,  class. 

52,  Properties.  — The  origin  of  lubricants  is  not  so 

important  to  the  engineer  as  their  lubricative  properties 
and  their  power  to  resist  decomposition,  vaporization,  and 
combustion  by  the  application  of  heat ; especially  is  this  the 
case  with  cylinder  oils  and  valve  oils.  The  value  of  a lubri- 
cant depends  on  the  amount  of  greasy  particles  it  contains, 
or  its  viscosity.  Other  desirable  features  of  a good  lubri- 
cant are:  It  should  reduce  friction  to  a minimum.  It 

should  be  free  from  acids  and  free  alkalies,  or,  in  other 
words,  it  should  be  neutral,  and  of  uniform  constituency. 
It  should  not  become  gummy,  rancid,  or  otherwise  altered 
by  exposure  to  the  air  and  it  should  be  odorless.  It  should 
stand  a low  temperature  without  solidifying  or  depositing 
solid  matter.  It  should  be  entirely  free  from  grit  and  all 
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foreign  matter.  It  should  be  especially  adapted  to  the  con- 
ditions as  to  speed  and  pressure  of  the  rubbing  surfaces  on 
which  it  is  to  be  used;  the  question  of  cost  is  also  a con- 
sideration. All  first-class  lubricants  possess  these  prop- 
erties to  a greater  or  less  degree,  and  each  of  them  is 
adapted  to  its  own  particular  class  of  work.  They  are  also 
of  all  degrees  of  fluidity  and  solidity  — from  the  thin,  light 
oil  used  for  oiling  the  indicator  down  to  the  thick  oils  and 
through  the  greases  to  graphite  and  soapstone  for  the 
heaviest  journals. 

53.  Thick  or  heavy  oils  are  generally  considered  to  rank 
the  highest  in  viscosity;  this  is  not  always  the  case,  how- 
ever. Some  oils  of  high  specific  gravity  rank  lower  in 
viscosity  than  others  of  a lower  specific  gravity,  hence  the 
lubricative  qualities  of  an  oil  cannot  always  be  judged 
accurately  by  either  its  viscosity  or  specific  gravity.  Then, 
again,  different  manufacturers  of  lubricants  have  different 
standards  and  names  for  presumedly  the  same  grade  of  oil. 
Furthermore,  lubricants  that  may  be  very  satisfactory  for 
heavy  journals  might  not  do  at  all  for  light  journals,  and 
those  that  answer  well  for  journals  and  guides  would  be 
very  objectionable  in  cylinders  and  steam  chests — all  of 
which  goes  to  show  that  different  lubricants  are  required  for 
different  purposes. 

54.  Selection  of  Enbrieants.  — Though  there  are 
numerous  tests  for  determining  the  various  properties  and 
qualities  of  lubricants,  they,  as  a rule,  involve  the  use  of 
elaborate  chemical  apparatus  and  complicated  and  delicate 
machines  that  are  entirely  beyond  the  reach  of  the  average 
engineer  in  ordinary  engine-room  practice.  Even  the 
reliability  of  these  elaborate  tests  is  questioned  and  they 
are  a source  of  dispute  between  experts.  Under  these  cir- 
cumstances it  is  not  an  easy  task  to  instruct  an  inex- 
perienced person  how  to  select  a lubricant  best  suited  to  his 
particular  needs  or  to  enable  him  to  detect  adulterants. 
Some  of  the  simpler  tests  will  be  given  further  on. 
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55.  In  a general  way,  about  the  best  that  an  engineer 
who  is  not  an  expert  judge  of  lubricants  can  do  is  to  pro- 
cure from  a reputable  dealer  several  samples  of  oil  or 
grease  that  in  his  judgment  are  best  suited  to  the  machin- 
ery he  has  in  charge,  taking  care  to  select  light-bodied  oils 
for  light  machinery  and  to  grade  his  selections  down 
accordingly  to  suit  the  size  and  weight  of  the  journals  and 
the  work  they  have  to  do.  Then  he  should  run  the  machin- 
ery for  a stated  length  of  time  with  each  oil,  carefully  noting 
the  results  obtained  by  each.  By  the  time  the  engineer 
has  reached  the  end  of  his  experiments  with  this  assortment 
of  oils,  he  will  have  discovered  by  development  and  observa- 
tion which  is  the  best  one  for  his  purpose,  and'  it  will  then 
only  be  a matter  of  common  sense  to  hold  on  to  that  one 
until  he  has  good  reasons  to  believe  that  he  can  get  a better 
one;  then,  taking  the  last  one  as  a standard,  he  might  try 
another  lot  of  zvell-reeommended  samples  in  the  same  way  as 
before,  and  so  on  until  he  finds  the  best  one  for  his  purpose 
that  the  market  affords,  and  at  the  same  time  he  acquires 
valuable  experience  with  lubricants.  It  is  important,  how- 
ever, that  he  should  confine  his  experiments  to  well-known 
standard  brands  of  lubricants  only,  otherwise  he  will  waste 
much  valuable  time  without  gaining  a corresponding  benefit, 
and  when  he  finds  an  oil  that,  after  a fair  trial,  is  satis- 
factory, he  should  use  it  and  no  other. 

5G.  In  selecting  the  samples  for  trial,  the  engineer 
should  examine  them  very  carefully  in  every  possible  way 
and  compare  one  with  the  other;  he  should  note  their  color 
and  transparency ; rub  some  of  each  between  the  fingers  and 
thumb  or  on  the  palm  of  the  hand ; note  if  the  sample  is 
smooth  and  oily  and  contains  no  grit;  pour  a few  drops  on 
a sheet  of  tin  or  a piece  of  glass  and  hold  the  tin  or  glass 
at  different  angles  and  note  how  it  flows  and  if  it  leaves 
any  residue  or  gum  in  its  track;  examine  it  with  a strong 
magnifying  glass  for  foreign  substances;  smell  it,  and  if  it 
is  rancid  or  has  a very  offensive  odor,  reject  it.  If  the 
engineer  persists  in  this  practice,  it  will  not  take  him  long  to 
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learn  how  to  distinguish  between  the  different  grades  and 
qualities  of  lubricants,  which  will  enable  him  to  select  the 
one  that  will  best  serve  his  purpose  and,  at  the  same  time, 
add  very  greatly  to  his  general  store  of  engineering  knowl- 
edge, thereby  enhancing  the  value  of  his  services. 


FLUI1>  LUBRICANTS. 

57.  Animal  Oils. — Animal  oils  are  derived  from  the 
fats  of  animals  and  fish.  Those  that  are  used  as  lubricants 
are  : Lard  oil,  talloiv  oil,  ncatsfoot  oil,  horse-fat  oil,  spervi 
oil,  zvhale  oil,  porpoise  oil,  seal  oil,  shark  oil. 

Of  animal  oils,  pure  lard  oil  takes  the  lead  as  a lubricant 
for  ordinary  machinery ; but  it  has  the  disadvantage  of  con- 
gealing in  cold  weather;  to>ward  against  chilling  to  a cer- 
tain extent,  the  winter  strained  oil  only  should  be  used  when 
it  is  exposed  to  a temperature  sufficiently  low  to  congeal  the 
ordinary  oil. 

Tallow  oil  is  very  similar  to  lard  oil. 

Horse  fat  is  sometimes  used  in  place  of  tallow,  but  its 
odor  is  offensive. 

Clarified  neatsfoot  oil  is  an  excellent  lubricant  for  light 
machinery. 

Of  the  fish  oils,  sperm  is  the  best  lubricant,  but  its  scar- 
city and  high  price  precludes  its  general  use.  It  is  used, 
principally  in  a refined  state,  for  oiling  indicators  and  other 
delicate  mechanisms.  Whale  and  porpoise  oils  are  some- 
times used  in  place  of  sperm  oil,  but  they  are  inferior  to  it. 
Seal  and  shark’s  liver  oils  are  used  as  adulterants.  Men- 
haden fish  oil  should  not  be  used  as  a lubricant,  as  it  quickly 
turns  rancid  and  gums. 

58.  Te|>:etal)le  Oils. — Vegetable  oils  are  derived  from 
the  fruits,  seeds,  and  nuts  of  trees  and  plants.  They  com- 
pare very  favorably  with  animal  oils  as  lubricants,  and  sev- 
eral of  them  are  excellent  for  that  purpose.  The  leading 
vegetable  oils  that  are  used  for  lubricating  purposes  are: 
Olive  oil,  rape-seed  oil,  eolza  oil,  cottonseed  oil,  castor  oil., 
palm  oil. 
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The  olive  oil  is  probably  the  leading'  vegetable  oil  used  for 
lubricating  machinery,  but  all  the  others  in  the  above  list 
are  fairly  good  for  that  purpose.  Castor  oil  and  cottonseed 
oils  are  more  liable  to  gum  than  pure  olive  oil.  Linseed  oil, 
either  raw  or  boiled,  should  not  be  used  as  a lubricant;  it 
dries  quickly  and  is  very  gummy.  Cocoanut  oil  (palm  oil) 
soon  becomes  rancid  and  in  that  condition  it  is  not  a good 
lubricant. 

59.  Mineral  Oils. — Mineral  lubricating  oils  are  distilled 
from  bituminous  shale  and  from  the  residuum  of  crude 
petroleum  after  the  volatile  oils  and  illuminating  oils  have 
been  distilled  off  at  various  temperatures  up  to  572°  E.  The 
products  of  the  petroleum  still,  when  heated  to  tempera- 
tures above  572°  F.,  are  the  lubricating  oils.  These  oils  are 
graded  according  to  their  specific  gravities  and  are  named 
as  follows: 


PROPERTIES  OF  MINERAE  OILS. 


No. 

Name. 

Specific 

Gravity. 

Flashing 

Point. 

Burning 

Point. 

1 

Solar  oil 

.800  to  .880 

2 

Mixed  oil 

.880  to  .890 
.895  to  .900 

V 370°  F. 

435°  F. 

3 

Spindle  oil.  No.  1 . . 

4 

Spindle  oil.  No.  2 . . 

.900  to  .900 

394°  F. 

408°  F. 

5 

Machine  oil.  No.  1.. 

.900  to  .910 

420°  F. 

487°  F. 

G 

Machine  oil.  No.  2.. 

.910  to  .915 

1 

7 

Cylinder  oil,  pale. . . 

.915  to  .920 

i_441°  F. 

525°  F. 

8 

Cylinder  oil,  dark.  . 

.920  to  .950 

I and  up. 

J 

and  up. 

9 

Vulcan  oils 

.910  to  .900 

GO.  Besides  the  oils  given  in  the  table,  there  are  many 
other  mineral  lubricating  oils  on  sale  under  different  names, 
each  manufacturer  naming  his  own  product  to  suit  himself, 
but  the  above  list  will  serve  to  show  the  method  of  grading 
mineral  machine  oils  in  regard  to  their  specific  gravities 
and  their  flashing  and  burning  points. 
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All  the  mineral  oils  given  in  the  table,  if  pure,  are 
excellent  lubricants,  each  one  being  adapted  to  its  specific 
purpose  for  light,  medium,  and  heavy  machinery  and 
cylinders. 

The  color  of  a mineral  lubricating  oil  is  not  always  an 
indication  of  its  purity  or  value.  A dark-colored  oil  may 
be  purer  than  a light-colored  one;  therefore,  in  selecting  a 
mineral  oil,  too  much  stress  should  not  be  laid  upon  its 
color. 

01.  Compounded  Oils. — There  is  a great  variety  of 
compounded  oils  manufactured  for  all  sorts  of  purposes  and 
at  all  prices.  They  are,  generally  speaking,  simply  made 
to  sell  without  regard  to  merit  or  value  as  lubricants. 
Herein  lies  the  danger  of  being  defrauded  in  purchasing 
cheap  oils.  They  are,  as  a rule,  compounded  of  thin,  light 
oils,  which  lack  the  viscosity,  or  body,  for  lubrication,  and  a 
variety  of  substances  to  produce  an  artificial  body  that  adds 
nothing  to  their  lubricative  properties.  Most,  if  not  all,  of 
the  adulterants  used  for  this  purpose  are  of  a gummy 
nature  and  enemies  to  good  lubrication.  If  mineral  oils  are 
used  as  the  bases  of  these  compounded  oils,  they  are  liable 
to  have  a low  flashing  point,  which  renders  them  totally 
unfit  for  use  in  cylinders.  In  fact,  these  oils  had  better  be 
entirely  ignored  by  the  engineer;  but  as  they  are  made  and 
doctored  to  imitate  the  pure  standard  oils,  they  are  well  cal- 
culated to  deceive  the  unwary,  as  it  is  not  an  easy  matter  to 
detect  the  difference  between  them  by  mere  inspection. 

02.  A trial  on  the  engine  is  the  best  method  to  test  the 
merit  of  a lubricant,  though  some  simple  tests,  as  described 
under  the  heading  “Tests  of  Lubricants,”  maybe  made 
with  beneficial  results. 

03.  Economy. — Lubricants,  like  everything  else  that  is 
exposed  for  barter  or  sale,  are  worth  just  about  what  is  paid 
for  them.  A good  article  must  always  fetch  its  price  and  a 
poor  article  is  sold  cheaply. 

There  is  no  economy  in  buying  cheap  lubricants;  they 
cost  less  per  gallon,  but  it  takes  more  gallons  to  do  the 
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required  work.  Now  that  excellent  oil  filters  are  to  be 
had,  enabling  the  drip  oil  to  be  filtered  and  used  over  again, 
there  is  no  necessity  for  using  cheap  oils. 

G4.  Greases. — Greases  are  divided  into  three  classes, 
viz.,  compounded^  or  axle ^ boiled  ox  '^ciip.” 

G5.  Compounded  g*reases  are  made  by  mixing  cheap 
oils  with  fats,  paraffin,  and  the  various  waxes.  They  soon 
become  rancid,  in  which  state  they  are  unfit  for  lubrication, 
being  instead  friction  producers.  It  is  hardly  necessary  to 
say  that  the  engineer  should  avoid  these  greases,  even 
though  they  are  cheap. 

GG.  Set,  or  axle,  greases  are  mixtures  of  low-grade  oils 
and  fats  converted  into  grease  by  the  application  of  lime. 
They  are  cheap  greases,  used  principally  for  lubricating 
axles  of  vehicles  and  the  like,  and  are  familiarly  known  as 
cart  grease.  These  greases  are  unfit  to  use  in  the  bearings 
of  engines. 

G7.  Boiled,  or  cup,  greases  are  those  that  are  well 
adapted  for  engine  lubrication.  They  are  produced  chem- 
ically and  are  not  simply  mechanical  mixtures  as  are  the 
others.  They  are  perfectly  neutral  and  will  remain  so 
indefinitely.  They  are  made  by  saponifying  fats  and  fatty 
oils  with  lime  and  dissolving  the  soap  in  mineral  oil. 

G8.  Soaps  made  by  the  use  of  soda  or  potash  are  soluble 
in  water,  while  soaps  made  by  the  use  of  lime  are  insoluble 
in  water. 

There  is  a series  of  greases  in  this  class  that  are  made 
by  saponifying  the  fats  and  fatty  oils  by  means  of  caustic 
soda;  the  soaps  thus  made  are  soluble  in  water.  These 
greases  are  good  lubricants  if  properly  made,  but  they  are 
apt  to  contain  either  an  excess  of  alkali  or  an  excess  of 
acid;  in  either  case  they  are  liable  to  be  injurious  to  the 
bearings.  Free  acids  or  alkalies  may  be  detected  by  the 
litmus-paper  test.  . . . 
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G9.  Cup  and  engine  greases  include:  Nos.  1 to  4 cup 
greases,  Nos.  1 to  3 Albany  greases,  sponge  greases,  crank- 
pin  greases,  gear  greases,  lubricating  packing,  plumbago 
and  graphite  greases. 


SOLID  LUBRICANTS. 

70.  The  solid  lubricants  are : graphite^  soapstone^  sulphur^ 
viica,  'uietalinc.  These  may  properly  be  classed  under  the 
general  head  of  mineral  lubricants. 

71.  Grapliite,  called  also  plumbago  and  black  lead, 
is  used  for  lubrication  either  in  the  form  of  a powder,  flaked, 
compressed  into  bushings,  or  by  being  mixed  with  wood 
fiber  and  solidified  in  molds  by  pressure;  this  latter  is  called 
fibei*  grapliite.  After  being  removed  from  the  molds,  the 
forms  are  thoroughly  dried  and  then  saturated  with  a drying 
oil,  after  which  they  are  exposed  to  a current  of  hot  dry  air 
to  oxidize  the  oil  and  to  harden  the  mass.  When  hard  they 
may  be  worked  the  same  as  metal.  Fiber  graphite  is 
claimed  to  be  self-lubricating. 

73.  The  powdered  and  flake  graphite  are  used  to  mix 
with  greases  for  heavy  journals  and  also  to  mix  with  the 
ordinary  engine  oils  to  cool  a hot  bearing.  When  graphite 
is  used  as  a lubricant,  the  journal  becomes  covered  with 
a thin  coating  of  graphite,  which  reduces  friction  to  a 
minimum. 

7o.  Soapstone,  suliilmr,  and  mica,  in  the  form  of 
powder,  are  sometimes  mixed  with  oils  and  greases  to 
improve  their  lubricating  qualities  for  heavy  and  hot 
journals.  Sheets  of  mica  pressed  together  and  held  firmly 
in  a casing  have  been  used  instead  of  brasses  with  fair 
success. 

74-.  IMctalinc  consists  of  small  cylinders  of  graphite 
fitted  into  holes  drilled  in  the  surface  of  the  bearing;  it  is 
said  to  require  no  other  lubrication. 
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EUBRICATION. 

75.  The  object  of  lubricating  the  bearings  of  an  engine 
is  to  reduce  the  friction  of  those  parts  that  rub  against  one 
another  to  a minimum  and  to  prevent  the  rubbing  surfaces 
becoming  hot,  which,  if  the  rubbing  is  continued  without 
lubrication,  will  ultimately  cause  seizing,  thereby  perma- 
nently damaging  the  bearings  and  rendering  the  engine 
inoperative.  The  lubricant  attains  its  object  by  interposing 
itself  in  the  form  of  a thin  film  between  the  rubbing  surfaces, 
either  by  gravity  or  pressure,  and  thus  prevents  the  rubbing 
surfaces  coming  into  direct  contact  with  one  another. 

7G.  Animal  and  vegetables  oils  have  been  used  as  lubri- 
cants for  many  years,  but  since  the  introduction  of  multiple- 
expansion  engines  and  high  steam  pressures,  mineral  oils 
have  come  into  very  general  use,  especially  for  lubricating 
pistons  and  slide  valves,  for  the  reason  that  mineral  lubri- 
cating oils  are  not  carbonized  by  high-pressure  steam  as 
readily  as  are  animal  or  vegetable  oils.  Moreover,  animal 
and  vegetable  oils  (called  fatty  oils  to  distinguish  them  from 
mineral,  or  liydrocavbon,  oils)  are  decomposed  by  the  great 
heat  of  high-pressure  steam  and  form  stearic,  palmetic,  and 
oleic  acids.  These  acids  when  hot  readily  attack  iron,  steel, 
copper,  and  its  alloys;  therefore,  cylinders,  pistons,  etc.  are 
eaten  away  when  fatty  oils  are  used  for  lubricating  them. 

77.  The  acids  formed  by  the  decomposition  of  fatty  oils 
are  particularly  destructive  to  steam  boilers  when  the  exhaust 
steam  is  condensed  and  used  as  feedwater,  as  is  the  case  with 
condensing  engines  having  surface  condensers.  On  the  other 
hand,  mineral  oils  are  not  affected  by  alkalies,  therefore  the 
old  method  of  saponifying  the  grease  in  boilers  and  surface 
condensers  by  boiling  them  out  with  soda  or  potash  is 
ineffectual  when  mineral  oils  are  used  in  the  cylinders;  in 
that  case,  if  the  boiler  tubes  or  condenser  tubes  become 
coated  with  grease,  it  must  be  removed  by  hand.  It  is  far 
better,  however,  to  keep  the  grease  out  of  the  condenser  and 
boilers  entirely  by  placing  an  efficient  grease  extractor  in  the 
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exhaust  pipe  between  the  low-pressure  cylinder  and  the 
condenser. 

78.  High-grade  cylinder  oils  only  should  be  used  for 
lubricating  pistons  and  slide  valves,  and  the  flashing  point 
should  not  be  lower  than  400°  F.  The  higher  the  tempera- 
ture of  a hot  bearing,  the  less  is  the  lubricating  power  of  the 
oil  or  grease  used ; consequently,  a lubricant  that  may  be 
thoroughly  efficient  at  ordinary  temperatures  may  be  ineffec- 
tual in  reducing  the  friction  of  a bearing  that  has  suddenly 
become  heated;  hence  the  practice  of  mixing  graphite,  flour 
sulphur,  etc.  with  the  oil  to  increase  its  body  and  lubricative 
properties. 


TESTS  OF  EITBRICANTS. 


APPAKATUS. 

79,  In  giving  the  following  simple  tests  of  lubricants, 
there  is  no  pretence  that  they  are  absolutely  accurate  in  the 
sense  of  determining  the  commercial  values  of  lubricating  oils 
and  greases,  but  they  will  serve  the  purposes  of  the  engineer 
very  well  and  assist  him  greatly  in  the  selection  of  his  lubri- 
cants; besides,  they  have  the  merit  of  being  within  the  reach 
of  every  engineer  in  his  ordinary  engine-room  practice. 

80.  The  pieces  of  apparatus  required  to  make  these  tests 
are  few  and  inexpensive.  They  consist  of  an  ordinary  tin  or 
iron  pan  8 or  10  inches  in  diameter  and  3 or  4 inches  deep ; 
a metal  cup  about  the  size  and  shape  of  an  ordinary  tumbler ; a 
high-grade  thermometer  that  will  measure  at  least  500°  F.  ; 
a couple  of  quarts  of  clean  white  sand;  a half-dozen  clear, 
white  glass  4-pint  bottles;  a large  sheet  of  tin  or  plate  of 
glass,  preferably  the  latter;  a sheet  each  of  red  and  blue 
litmus  paper;  a common  thermometer;  a quart  of  gasoline; 
a few  pounds  of  ice;  a pound  or  two  of  rock  salt  and  about 
the  same  quantity  of  sal  soda  (washing  soda) ; a small  iron 
boiler  or  saucepan;  a small  quantity  of  caustic  soda  or  con- 
centrated lye ; a pane  of  glass  painted  black  on  one  side  with 
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a mixture  of  shellac  varnish  and  lampblack;  and  a small  tin 
funnel. 


81.  Test  for  Acids  and  Alkalies. — Dissolve  a small 
quantity,  say  a teaspoonful,  of  the  oil  or  grease  to  be  tested 
in  five  or  six  times  its  bulk  of  boiling  water,  in  which  steep 
a piece  of  red  litmus  paper;  if  the  litmus  paper  remains  red 
after  having  been  soaked  in  the  mixture  for  a considerable 
length  of  time,  the  oil  or  grease  is  acid.  If  the  color  of  the 
paper  turns  to  dark  blue  quickly,  the  oil  is  alkali.  If  it 
changes  color  very  gradually  to  a light  blue,  the  oil  is  neutral. 
As  a check  on  the  above  test,  try  the  mixture  with  a piece  of 
blue  litmus  paper  in  the  same  way.  If  the  color  of  the  paper 
'does  not  change,  but  remains  dark  blue,  the  oil  is  alkali.  If 
the  paper  turns  red  quickly,  the  mixture  is  acid;  but  if  the 
paper  changes  very  gradually  to  a pale  red,  the  solution  is 
neutral. 

83.  Test  for  Viscosity. — Pour  a few  drops  of  each 
sample  of  oil  upon  the  large  sheet  of  tin  or  glass  while  the 
sheet  is  perfectly  level,  then  raise  one  end  of  the  sheet 
gently  about  1 inch  and  support  it  in  that  position;  watch 
the  race  of  the  drops  of  oil  doAvn  the  inclined  plane.  The 
oil  that  reaches  the  bottom  of  the  plane  last  ranks  highest  in 
viscosity.  Of  course,  this  is  only  a comparative  test,  but  it 
Avill  enable  the  operator  to  select  the  oil  best  adapted  to  his 
purpose  from  a number  of  samples.  After  making  a selec- 
tion, it  would  be  well  to  try  the  precipitation  test  given  in 
Art.  87  on  it  for  artificial  viscosity. 

83.  Greases  cannot  be  tested  for  viscosity  in  the  way 
described  in  Art.  83  ; about  the  only  convenient  method 
for  the  engineer  to  do  this  is  by  rubbing  some  of  the  grease 
between  his  fingers  and  thumb  or  in  the  palm  of  the  hand, 
noting  the  result.  After  some  practice  he  will  be  able  to 
judge  approximately  the  viscosity  of  the  sample. 

84.  Flashing  and  Burning  Tests. — Pour  some  of  the 
oil  that  is  to  be  tested  into  the  metal  cup  until  it  is  nearly 
full;  place  the  cup  in  the  pan  and  surround  the  cup  with 
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sand  until  the  pan  is  filled  with  it;  place  the  pan  and  con- 
tents on  a hot  stove,  over  a gas  jet,  or  in  any  other  conve- 
nient place  for  heating  it ; immerse  the  bulb  end  of  the 
high-grade  thermometer  in  the  oil  in  the  cup  and  watch  the 
rise  in  temperature;  when  it  reaches  300°  pass  a lighted 
match  slowly  across  the  top  of  the  cup;  repeat  this  every 
two  or  three  degrees  rise  in  temperature  until  the  vapor 
arising  from  the  oil  ignites  with  a flash,  then  note  the  tem- 
perature as  indicated  by  the  thermometer;  it  is  the  flasli- 
iiig  point.  Continue  the  test  until  the  oil  ignites  a,nd  burns 
on  the  surface.  When  that  occurs  the  reading  of  the  ther- 
mometer gives  the  Inirning:  point. 

85.  Tlie  Cold  Test. — Partly  fill  the  metal  cup  with  a 
sample  of  oil;  place  the  cup  in  the  pan;  fill  the  pan  around 
the  cup  with  cracked  ice  mixed  with  rock  salt  and  sal  soda; 
cover  the  apparatus  over  with  a piece  of  bagging  or  blanket 
and  keep  it  covered  until  the  oil  in  the  cup  is  congealed; 
then  remove  the  freezing  mixture  from  the  pan  and  fill  the 
pan  with  hot  water;  when  the  oil  in  the  cup  commences  to 
melt,  immerse  the  bulb  of  a thermometer  into  it  and  note 
the  temperature ; it  is  the  congealing’  x>oiiit. 

80.  Saponifieation  Test. — If  it  is  desired  to  ascertain  if 
animal  or  vegetable  oils  are  mixed  with  oil  that  is  repre- 
sented to  be  pure  mineral  oil,  it  may  be  determined  as  fol- 
lows: Place  about  a pint  of  the  oil  into  the  small  iron  boiler 
or  saucepan  and  add  1 or  2 ounces  of  caustic  soda  or  concen- 
trated lye ; boil  the  mixture  for  ^ hour  and  then  set  it  aside' 
to  cool.  A tablespoonful  of  chloride  of  sodium  (common 
salt)  thrown  into  the  mixture  while  cooling  Avill  hasten  the 
process.  When  thoroughly  cool,  examine  the  mixture;  if 
the  surface  is  covered  with  soap,  the  oil  contains  animal  or 
vegetable  fats;  otherwise  it  Is  pure  mineral  oil. 

87.  Precipitation  Test. — The  precipitation  test  is  for 
the  purpose  of  ascertaining  if  the  oil  contains  paraffin,  waxes, 
gums,  etc.  Place  an  ounce  of  each  of  the  oils  in  a separate 
J-pint  bottle,  pour  2 ounces  of  gasoline  into  each  bottle  on 
top  of  the  oil,  and  shake  the  bottles  until  the  oil  is  dissolved 
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by  the  gasoline;  then  allow  the  mixtures  to  settle.  If  there 
is  any  considerable  amount  of  precipitation  or  sediment  in 
any  of  the  bottles,  it  indicates  that  the  oil  in  them  has 
been  treated  to  produce  artificial  viscosity  and  should  be 
rejected. 

88.  Test  for  Mineral  Oil  Mixed  Witli  Fatty  Oils. — 
The  presence  of  mineral  oil  when  mixed  with  animal  or 
vegetable  oils  may  be  detected  by  pouring  a drop  of  the  sus- 
pected oil  upon  the  sheet  of  blackened  glass  and  holding  the 
glass  at  various  angles  to  the  light;  if  it  shows  rainbow 
colors,  it  contains  mineral  oil. 

89.  Test  to  Detect  Siilpliiir  in  Mineral  Oils. — Heat 
a small  portion  of  the  oil  to  300°  F.  in  the  metal  cup  and 
pan  of  sand  and  maintain  that  temperature  for  about 
15  minutes;  after  cooling,  if  the  sample  is  considerably 
darker  in  color  than  the  original  oil,  it  is  unfit  to  use  in 
cylinders  or  on  hot  bearings. 


AUTOMATIC  UUDRICATORS. 


CLASSIFICATION. 

90.  The  devices  used  for  the  automatic  lubrication  of 
steam  engines  and  similar  machinery  may,  in  accordance 
with  their  purpose,  be  divided  into  two  general  classes, 
hearing  lubricators  and  steam  lubricators. 

91.  A bearing  lubricator  may  be  defined  as  one 
intended  for,  and  only  applicable  to,  the  lubrication  of  bear- 
ings. This  class  is  divided  into  three  subclasses,  plain  and 
sight-feed  lubricators,  and  grease  cups.  Plain  and  siglit- 
feecl  bearing  lubricators  are  intended  and  can  only  be  used 
for  oil;  grease  cups,  as  implied  by  the  name,  are  built  to 
use  grease. 

92.  Steam  lubricators  are  intended  for  the  lubrication 
of  the  moving  parts  in  contact  with  the  steam ; they  may  be 
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divided  into  mechanical^  water-displacement , and  hydrostatic 
lubricators.  A meclianical  steam  lubricator  generally 
has  the  form  of  a force  pump;  it  may  be  operated  by  hand, 
in  which  case  its  action  is  intermittent.  A hand-operated 
mechanical  steam  lubricator  is  generally  fitted  only  as  an 
emergency  device,  to  be  used  when  the  automatic  lubricator 
is  out  of  order.  When  a mechanical  lubricator  is  operated 
continuously  by  some  moving  part  of  the  engine,  its  action 
is  automatic.  Water-displacement  lubricators  depend 
for  their  action  on  condensation  of  steam  in  the  reservoir 
containing  the  oil;  the  latter  being  lighter  than  water  floats 
on  top  and  overflows  into  a suitable  passage  as  the  water 
in  the  bottom  of  the  reservoir  increases.  Hydrostatic 
lubricators  depend  for  their  operation  on  the  pressure 
generated  by  a head  of  water  furnished  by  condensation 
of  steam. 


BEARING  LUBRICATORS. 

93.  A plain  lubricator  is  the  simplest  form  of  a device 
for  automatic  lubrication;  it  generally  takes  the  form  shown 
in  Fig.  2.  It  consists  of  a body  a fit- 
ted with  a central  tube  <^and  a remov- 
able cover  c.  The  oil  contained  in 
the  body  a is  led  into  the  central  tube 
by  capillary  attraction,  a few  strands 
of  lamp  wick,  as  d^  carrying  the  oil 
over.  The  advantage  of  this  oiling 
device  is  its  simplicity;  the  disad- 
vantages are  its  unreliability  and  its 
lack  of  adjustment  of  the  oil  feed.  The 
latter  can  be  adjusted  to  some  degree 
by  changing  the  number  of  strands  of 
lamp  wick ; as  the  flow  of  oil  is  not  in 
plain  sight,  however,  there  is  always 
some  doubt  about  the  action  of  the 
lubricator. 
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94.  A siglit-feed  bearing  lubricator,  as  implied  by 
the  name,  has  the  oil  feed  in  plain  sight.  The  oil  generally 
is  fed  by  gravity,  flowing  through  an  annu- 
lar opening  in  the  base  of  the  lubricator. 

The  general  appearance  of  this  device  is 
shown  in  Fig.  3.  It  consists  of  a glass  oil 
reservoir  a having  a central  tube  b with  a 
valve  seat  inside  of  it  and  at  its  lower  end. 

A valve  <r,  which  can  be  locked  in  any  posi- 
tion by  the  locknut  serves  to  regulate 
the  flow  of  the  oil.  The  oil  enters  through 
the  hole  shown  in  the  lower  end  of  the  tube  b. 

The  drops  of  oil  issuing  from  the  tube  b 
show  plainly  in  the  sight-feed  glass  e.  The 
upper  cover  has  a hole  in  it  through  which 
the  reservoir  is  filled;  a movable  cover  f 
serves  to  keep  out  the  dust. 

Fig.  3. 


95.  Various  attachments  are  used  for  conveying  the 
oil  from  a stationary  sight-feed  lubricator  to  the  moving 
parts,  as  the  crankpin,  eccentric,  and  wristpin.  Fig.  4 
shows  how  the  oil  may  be  carried  to  the  crankpin  by  a 
so-called  centrifugal  oiling  device.  The  oil  from  the  lubri- 
cator a flows  through  the  pipe  b into  the  ring  r,  which  con- 
nects to  a hole  drilled  in  the  center  of  the  crankpin  through 
the  fixture  d that  is  fastened  to  the  crankpin.  The  oil 
entering  at  c passes  to  the  crankpin  by  the  centrifugal  force 
generated  by  the  revolution  of  the  crank  and  through  radial 
holes  out  of  the  crankpin  between  the  surface  of  the  crank- 
pin and  the  brasses.  The  main  bearing  simply  carries  the 
stationary  lubricator  r,  which  discharges  directly  into  the 
bearing.  A separate  lubricator  /"may  be  fitted  for  the  eccen- 
tric, discharging  into  a long  trough  or  funnel  g fastened 
to  the  eccentric  strap. 


9G.  Fig.  5 will  serve  as  a suggestion  of  how  automatic 
lubrication  of  the  wristpin  and  guides  may  be  obtained.  To 
lubricate  the  upper  guide,  the  stationary  lubricator  a is  used; 
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a lubricator  b is  placed  at  a sufficient  distance  above  the 
level  of  the  lower  guide  to  cause  the  oil  to  flow  through  the 
channels  shown  to  the  guide.  To  lubricate  the  wristpin 
from  u stationary  cup  c,  a wiping  device  d is  attached  to  the 
wristpin.  This  carries  the  wiper  which  is  adjusted  so  as 


to  wipe  off  the  drops  of  oil  hanging  at  the  bottom  of  the 
nozzle  /as  the  crosshead  passes  back  and  forth.  The  oil 
thus  collected  flows  by  gravity  through  a hole  in  the  center 
of  the  wristpin  and  is  delivered  through  one  or  more  radial 
holes  to  the  outside  of  the  pin. 

A precisely  similar  wiping  fixture  may  be  and  often  is  used 
for  crankpins  and  eccentrics,  using  stationary  lubricators 
placed  on  top  of  the  main  bearing. 
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97.  Grease  eups  are  made  in  various  ways  and  either 
as  plain  or  comi^ression  cups.  In  a plain  cup  the  grease 
only  flows  down  by  gravity  as  the 
heat  of  the  bearing  melts  it ; to  assist 
the  grease,  it  is  a good  practice  to  put 
a piece  of  small  copper  wire  in  the 
hole  through  which  the  grease  leaves 
the  cup.  A compression  grease  cup 
may  be  hand-operated  or  spring-oper- 
ated; Fig.  G shows  one  of  the  type 
first  named.  By  screwing  the  cap 
down  by  hand  over  the  base,  the 
grease  is  forced  out. 

98.  Spring-operated  compression 
grease  cups  have  a piston,  on  top  of 
which  is  placed  a spring  that  continu- 
ally forces  out  the  grease.  In  most  of  them  the  rate  of  flow 
can  be  regulated  by  a suitable  valve. 
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STEAM  lubricators. 

99.  Mecliaiiical  Eubricators. — Hand-operated  mechan- 
ical steam  lubricators  are  generally  small  force  pumps  con- 
nected to  a suitable  oil  reservoir  and  having  the  discharge 
pipe  connected  to  the  main  steam  pipe  close  to  the  throttle. 
Their  construction  and  operation  is  so  simple  as  to  require 
no  description. 

100.  Automatic  mechanical  lubricators  are  operated  from 
some  moving  part  of  the  engine,  as  some  convenient  part 

of  the  valve  gear.  Fig.  7 shows 
one  form  of  such  a device, 
known  as  the  “Rochester  au- 
tomatic lubricator.”  It  con- 
sists of  a cylindrical  oil  reser- 
voir a containing  a piston  that 
is  screwed  down  on  the  oil  by 
gearing  connected  to  the  rat- 
chet wheel  b.  The  ratchet 
wheel  is  operated  by  a pawl  on 
one  end  of  the  ratchet  lever 
which  is  vibrated  back  and  forth 
by  the  rocker  d.  This  rocker 
is  rocked  back  and  forth  by 
some  convenient  reciprocating 
part  of  the  engine.  The  con- 
nection between  c and  d is  made 
in  such  a manner  that  the  arc  through  which  c vibrates  can 
be  changed  so  that  the  pawl  will  move  the  ratchet  wheel 
any  desired  number  of  teeth  within  the  range  of  the  device. 
The  oil  is  ejected  from  the  reservoir  by  the  piston  and 
passes  through  e to  the  engine. 


101.  Water-Displacement  Tjubricatoi*s.  — The  sim- 
plest form  of  a water-displacement  lubricator  is  shown  in 
Fig.  8.  It  consists  of  a cylindrical  shell  A provided  with 
a central  tube  a\  a cap  through  which  the  lubricator  is 
filled;  and  a shank  b for  attaching  it  in  a vertical  position 
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to  the  steam  chest  or  steam  pipe.  A valve  B controls  the 
communication  between  the  lubri- 
cator and  the  engine. 

102.  The  operation  of  the  lubri- 
cator is  as  follows:  The  receptacle 
is  filled  with  oil  and  closed.  The 
valve  B is  then  opened,  thus  allow- 
ing the  steam  to  pass  through  the 
central  tube  in  to  the  top  of  the 
lubricator.  The  steam,  coming  in 
contact  with  the  cold  surfaces  of 
the  oil  and  receptacle,  condenses. 

Since  water  is  heavier  than  oil,  bulk 
for  bulk,  the  drops  of  condensed 
steam  sink  to  the  bottom  of  the 
receptacle.  As  two  bodies  cannot 
occupy  the  same  space  at  the  same 
time,  the  drops  of  water  displace 
a quantity  of  oil  equal  in  volume 
to  their  own;  the  oil,  which  has  no 
other  means  of  egress,  flows  over 
the  edges  of  the  central  tube  and  runs  by  gravity  into  the 
steam  pipe. 

The  objectionable  features  of  this  lubricator  are  that  the 
flow  of  oil  is  not  readily  controlled  and  that  there  is  no 
indication  of  when  the  lubricator  stops  working,  either  for 
want  of  oil  or  otherAvise. 

103.  To  overcome  the  objections  mentioned  in 
Art.  102,  siglit-feed  water-displacement  lubricators  have 
been  designed,  one  of  which  is  shown  in  Fig.  9.  Its  prin- 
ciple of  action  is  the  same  as  that  of  the  lubricator  shown 
in  Fig.  8;  i.  e.,  it  depends  on  the  condensation  of  the  steam 
and  the  subsequent  displacement  of  the  oil.  Its  construc- 
tion is  as  folloAA^s:  A cylindrical  receptacle  d is  provided 
AAu’th  a central  tube  a communicating  with  the  threaded 
shank  ^ and  the  sight-feed  glass  A.  To  fill  the  receptacle. 
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the  cap  h is  provided.  The  upper  end  of  the  lubricator 
communicates  with  the  sight-feed  glass  by  the  passage  A 
In  operation  the  steam  is  admitted  to  the  lubricator  by 

means  of  the  valve 
the  opening  of  which 
admits  it  to  the  inside 
of  the  lubricator  as  well 
as  to  the  sight-feed 
glass  A.  The  steam, 
coming  in  contact  with 
the  oil  and  the  top  of 
the  lubricator,  condenses 
and  displaces  the  oil, 
which  then  flows  through 
the  passage  b into  a coni- 
cal nozzle,  as  shown,  and 
issues  from  the  latter 
either  drop  by  drop  or 
in  a thin  stream,  depend- 
ing on  the  position  of  the 
regulating  valve  C.  It 
is  apparent  that  by  screw- 
ing down  the  latter,  the 
annular  opening  between 
the  valve  and  nozzle  is  re- 
duced, and  hence  the  flow 
of  oil  is  checked.  Conversely,  by  screwing  up  the  valve, 
the  rate  of  flow  is  increased.  The  drops  of  oil  issuing  from 
the  nozzle  flow  by  gravity  through  the  passage  c and  thus 
to  their  destination.  Since  the  glass  tube  is  transparent,  the 
oil  dropping  from  the  nozzle  is  in  plain  sight  of  the  attend- 
ant. By  means  of  a drain  coek,  not  shown  in  the  flgure, 
the  lubricator  may  be  emptied  when  required.  This  lubri- 
cator uses  a down  feed,  which  means  that  the  oil  is  dis- 
charged downwards  in  respect  to  the  feed  nozzle.  These 
lubricators  are  not  very  reliable  in  their  action,  since  the 
oil  is  not  forced  through  the  feed  nozzle,  but  only  flows 
through  it  by  gravity. 
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104.  Hydrostatic  Tjubrieators. — All  water-displace- 
ment lubricators  belong  to  the  siiig-le-eoiiiiection  type, 
this  meaning  that  there  is  only  one  connection  to  the  steam 
pipe  and,  consequently,  that  the  oil  must  pass  through  the 
same  passage  through  which  the  steam  is  admitted.  Hydro- 
static lubricators  are  made  in  two  styles,  single-connection 
and  donble-conncction.  In  a double-connection  lubricator 
there  are  two  connecting  pipes  to  the  steam  pipe,  the  steam 
being  admitted  through  one  pipe  and  the  oil  leaving  the 
lubricator  through  the  other. 

105.  A typical  single-connection  hydrostatic  lubricator 
is  shown  in  Fig.  10,  (<^)  being  a part  section  and  (/?)'  a side 
view.  The  lubricator  is  connected  to  the.  steam  pipe  through 
the  nipple  J/.  The  steam  flows  through  J\I  and  the  pipe  B 
into  the  condenser  A;  it  also  flows  through  the  connection  b 
and  a passage  cored  out  in  C to  the  sight-feed  glass  //.  The 
steam  is  condensed,  both  in  the  condenser  and  in  the  sight- 
feed  glass,  by  radiation.  The  water  in  the  condenser  flows 
through  the  pipe  1 into  the  bottom  of  the  oil  reservoir  and 
forces  the  oil  to  the  top,  exerting  a hydrostatic  pressure  on 
the  bottom  of  the  oil,  which  is  transmitted  through  the  oil. 
The  latter  flows  through  the  pipe  2 into  a nozzle  located  in 
the  bottom  of  the  sight-feed  glass  and  out  of  the  nozzle 
into  the  glass.  The  drops  of  oil  ascend,  by  reason  of  oil 
being  lighter  than  water,  to  the  top  of  the  sight-feed  glass, 
which,  it  will  be  remembered,  is  filled  with  water.  The  oil 
then  flows  into  the  passage  within  C and  passes  through  b 
into  the  nipple  M and  into  the  steam  pipe. 

106.  There  is  an  equal  steam  pressure  on  top  of  the 
water  in  the  condenser  and  in  the  sight-feed  glass,  so  that 
the  pressure  impelling  the  oil  out  of  the  lubricator  is  only 
that  due  to  the  hydrostatic  head.  The  rate  of  flow  of  the 
oil  through  the  nozzle  in  the  bottom  of  the  sight-feed  glass 
can  be  regulated  by  means  of  the  needle  valve  A;  the  water 
can  be  shut  off  from  the  oil  reservoir  A by  closing  the 
valve  D\  a drain  cock  G is  used  for  draining  the  reservoir. 
A gauge  glass  g shows  the  amount  of  oil  in  the  lubricator. 
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The  reservoir  can  be  filled  when  the  filling  plug  O is 
unscrewed.  A small  valve  S is  closed  in  order  to  shut  off 
the  steam  from  the  sight-feed  glass  in  case  the  latter  is 
broken  or  in  need  of  cleaning.  With  the  valves  D and  S 
shut,  the  gland  in  which  the  valve  E works  is  unscrewed; 


the  broken  or  dirty  glass  tube  can  be  removed  and  a new 
one  or  the  cleaned  old  tube  inserted.  It  will  be  noticed  that 
this  lubricator  has  an  up  feed  ; that  is,  the  drops  of  oil 
coming  from  the  nozzle  flow  upwards  in  the  sight-feed  glass. 
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107.  To  start  the  lubricator,  open  the  valves  D and  S\ 
to  stop  it,  close  the  valves  D and  A.  The  regulating  valve  li 
when  once  adjusted  need  rarely  be  disturbed.  To  drain  the 
lubricator  while  steam  is  on  the  pipe  into  which  it  delivers, 
close  the  valve  and  E and  N being  open,  open  G.  When  not 
under  steam,  to  drain  remove  the  hller  plug  O and  open  G. 

108.  A double-eonnection  lubricator  is  shown  in 


Fig.  11,  which  incidentally 
a vertical  pipe.  The  con- 
denser a has  its  independ- 
ent steam  connection;  the 
angle  valve  b admits  the 
steam  to  the  condenser. 
The  water  in  the  condenser 
passes  to  the  bottom  of 
the  reservoir  through  the 
pipe  d and  forces  the  oil 
upwards  into  the  pipe  e 
leading  to  the  bottom  of 
the  sight-feed  glass  f.  It 
then  flows  through  an  an- 
nular opening  regulated 
by  the  valve  g up  the 
sight-feed  glass  and 
through  the  pipe  h and 
valve  2 into  the  steam  pipe. 
The  pressure  impelling  the 
oil  forwards  is  simply  the 
hydrostatic  pressure  due 
to  the  water  in  the  con- 
denser. 

109.  To  fill  the  lubri- 
cator, close  the  valve  k 
which  shuts  the  condenser 
off  from  the  reservoir  r, 
and  also  close  the  valve  g. 
Open  drain  valve'/  and 


shows  the  mode  of  attachment  to 


Fig.  11, 
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remove  filler  plug  m.  When  water  has  drained  off,  close 
valve  /,  fill  with  oil,  and  replace  the  filler  plug.  Open 
valve  k again  and  regulate  the  flow  with  the  valve  g.  To 
shut  off  the  lubricator  temporarily,  close  the  valve  k\  to 
shut  it  off  permanently,  close  valves  b and  i. 


110.  Double-connection  lubricators  are  made  in  which 
the  condenser  is  an  independent  vessel ; such  a one  is  shown 

connected  up  to  a horizontal 
overhead  steam  pipe  in  Fig.  12. 
The  receptacle  <?,  which  may  be 
filled  by  unscrewing  the  cap 
communicates  with  the  sight- 
feed  glass  c.  The  regulating 
valve  i controls  the  flow  of  the 
oil.  At  j a valve  used  for  drain- 
ing the  receptacle  is  shown ; the 
drain  pipe  may  be  attached  by 
the  union  k.  The  valve  I may 
be  used  for  closing  the  passage 
leading  from  the  bottom  of  the 
lubricator  to  the  pipe  a.  The  lu- 
bricator is  connected  to  the  steam 
pipe  n by  the  pipe  which  con- 
nects 0 to  the  condenser  /,  which 
is,  in  turn,  connected  to  n by  the 
pipe  f.  The  oil  from  the  lubri- 
cator passes  to  the  steam  pipe 
through  the  pipe  b.  By  means 
of  the  valves  and  //,  the  lubri- 
cator may  be  shut  off  when  de- 
sired. Its  operation  is  as  follows : 
When  starting  the  cup  for  the 
first  time,  the  pipes  a and  b and 
the  sight-feed  glass  c are  filled 
with  water,  the  pipe  a being 
filled  nearly  up  to  d.  Since  the  water  in  the  pipe  a can  flow 
into  the  bottom  of  the  lubricator,  it  follows  that  the  oil  will 


Fig.  12. 
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be  forced  through  the  feed  nozzle  with  a pressure  depending 
on  the  hydrostatic  head  dc. 

After  passing  through  the  feed  nozzle,  the  drops  of  oil 
ascend  through  the  sight-feed  glass  and  up  the  pipe  the 
pressure  causing  the  upward  flow  being  due  to  the  difference 
in  specific  gravities  of  the  water  and  oil.  To  prevent  the 
emptying  of  the  pipe  b when  draining  the  lubricator  pre- 
paratory to  replenishing  the  oil  supply,  a small  check- 
valve  r is  provided.  In  order  to  replenish  the  water  that 
passes  from  the  pipe  a into  the  lubricator,  the  condenser  p 
is  used.  This  may  be  a vessel  of  any  desired  shape;  it  is 
usually  a piece  of  1-^-inch  brass  tubing,  as  shown  in  the 
figure.  The  steam  entering  from  the  steam  pipe  is  con- 
densed by  coming  into  contact  with  the  relatively  cool  sur- 
faces of  the  condenser;  the  latter  is  made  large  in  order  to 
increase  the  radiating  surface.  In  this  style  of  lubricator 
the  hydrostatic  pressure  operating  the  device  may  be  made 
as  great  as  circumstances  will  permit  by  simply  extending 
the  loop  of  the  pipe  /'higher  up.  If  this  is  done,  the  con- 
denser must -also  be  raised  in  order  to  derive  the  most 
benefit  from  the  change. 

111.  Double-connection  lubricators  should  never  have 
one  connection  attached  to  the  steam  pipe  between  the 
throttle  and  boiler  and  the  other  between  the  throttle  and 
engine.  If  the  lubricator  is  connected  in  this  manner,  upon 
closing  the  throttle  there  will  be  full  steam  pressure  on 
the  condenser  and  none  on  the  sight-feed  glass.  In  conse- 
quence, the  lubricator  will  very  rapidly  be  emptied,  the 
steam  pressure  forcing  all  the  oil  out  into  the  engine.  If 
circumstances  require  the  connection  to  be  made  in  this 
manner,  a special  locomotive  double-connection  sight-feed 
lubricator  should  be  selected. . Such  a lubricator  is  espe- 
cially made  in  such  a manner  that  the  oil  cannot  leave  the 
reservoir  when  the  throttle  is  closed. 
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COMPARISON  or  TYPES  OF  RECIPRO- 
CATINO  ENGINES. 


VERTICAI.  VERSUS  HORIZOXTAE  EI^GIXES. 

1.  Uses  of  Vertical  Engines. — The  inverted  vertical 
engine — that  is,  the  engine  with  the  crank-shaft  resting  in  a 
bedplate  placed  on  the  foundation  and  suitable  and  appro- 
propriate  housings  containing  the  guides,  the  cylinder  rest- 
ing upon  and  secured  to  the  housings  or  engine  frame — is 
now  the  prevailing  type  for  large  power-station  purposes 
and  many  other  applications  of  steam  engines.  That  type 
of  vertical  engine  in  which  the  cylinder  joins  the  bedplate 
and  has  the  shaft  or  beam  on  top  of  the  engine  framing  is 
only  used  for  special  and  peculiar  applications,  such  as  slow- 
speed  pumping  and  blowing  engines,  but  never  for  quick- 
running engines. 

2.  Controlling  Features. — The  vertical  engine  has  its 
distinct  application,  its  advantages,  and  its  disadvantages. 
The  two  controlling  features  that  dictate  the  use  of  the  ver- 
tical engine  are  (1)  available  floor  space  for  the  engine  and 
(2)  size  of  engine.  The  first  reason  is  self-evident.  As  to 
the  second  reason,  in  very  large  horizontal  engines,  and 
particularly  with  the  low-pressure  cylinder  of  compound 
engines,  the  problem  of  supporting  the  weight  and  prevent- 
ing the  cutting  of  massive  low-pressure  pistons  running  at 
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the  speed  now  common  becomes  one  of  great  magnitude; 
in  fact,  the  success  is  always  problematical,  even  with  the 
most  carefully  planned  constructions.  This  bad  feature 
of  the  horizontal  engine  is  entirely  overcome  by  making  the 
engine  vertical;  the  weight  of  the  piston  is  then  borne  by 
the  shaft  bearings. 

3.  Siii)portin^  Pistons  of  Horizontal  Engines. — Many 
devices  have  been  tried  to  support  the  weight  of  large 
pistons,  such  as  tailrods  having  crossheads  running  on  exter- 
nal guides,  but  the  distance  between  the  points  of  support 
or  crossheads  is  usually  long,  and  the  allowable  deflection 
can  rarely  exceed  inch,  so  that  this  expedient,  to  be  of 
any  service  whatever,  requires  very  large  rods.  Take  the 
case  of  a 72-inch  cylinder  having  a 72-inch  stroke.  With  a 
carefully  designed  cast-iron  piston,  it  would  require  a piston 
rod  at  least  14  inches  in  diameter  having  a 5-inch  hole 
through  it  to  support  the  piston  successfully.  Pistons  hav- 
ing a steam  pocket  underneath  them,  into  which  steam  is 
admitted  through  a small  hollow  tailrod,  have  been  used  by 
one  very  large  builder.  Forged  steel-plate  pistons  having 
broad  composition  shoes  riveted  to  the  lower  circumference, 
the  shoes  projecting  into  recesses  formed  in  the  heads,  have 
been  used  by  an  English  builder;  while  very  broad  pistons 
in  which  the  weight  of  the  piston  does  not  exceed  3 pounds 
per  square  inch  of  projected  area  are  often  resorted  to. 
Many  of  the  devices  for  supporting  pistons  have  merit,  but 
many  engineers  believe  the  vertical  engine  to  be  the  best 
solution  of  the  problem. 

4.  Inaccessibility  of  Tevtical  Engines. — The  vertical 
engine  is  much  more  inaccessible  than  the  horizontal 
machine  for  oiling,  inspecting,  and  repairing;  indeed,  in 
some  of  the  very  latest  American  high-grade  engine  designs, 
it  would  be  necessary  to  dismantle  the  whole  machine  to 
remove  the  crank-shaft,  although  the  speciflcations  usually 
demand  that  it  be  possible  to  remove  the  crank-shaft  bear- 
ings when  the  shaft  is  raised  ^ inch.  The  vertical  engine 
costs  on  an  average  about  12  per  cent,  more  than  the 
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horizontal  engine.  Generally,  the  vertical  engine  will  not 
receive  the  same  degree  of  care  and  attention  that  the  hori- 
zontal machine  will,  owing  to  its  inaccessibility  and  the 
labor  and  exertion  required  to  reach  its  various  parts.  This 
should  not  be  the  case,  but  it  is  so,  nevertheless. 

5.  Comparison  of  Headroom. — The  vertical  engine 
requires  quite  a high  building,  not  only  on  account  of  the 
design,  but  also  because  extra  room  is  needed  to  draw  out 
the  piston  and  piston  rod.  If  the  engine  is  large,  a sub- 
stantial crane  or  other  means  of  handling  the  various  parts 
is  necessary.  The  horizontal  engine,  where  space  is  avail- 
able and  other  conditions  do  not  preclude  its  adoption,  has 
many  practical  and  commercial  advantages  over  the  verti- 
cal engine.  It  is  the  cheaper  engine,  is  much  more  acces- 
sible for  repairs,  oiling,  and  inspection,  and  can  be  cared  for 
by  men  physically  incapacitated  to  handle  a vertical  engine. 

G.  Comi)arison  of  Floor  Space. — The  horizontal  engine 
from  the  nature  of  its  design  requires  considerable  floor 
space,  and  in  localities  where  property  isValuable,  as  is  often 
the  case  along  city  water  fronts  or  at  the  center  of  a large 
electrical  distributing  system,  and  where  it  is  desirable  to 
concentrate  as  much  motive  power  in  as  small  a space  as 
possible,  the  horizontal  engine  must  give  way  to  the  more 
expensive  and  less  accessible  vertical  engine.  In  very  large 
power  plants  it  is  quite  customary  either  to  connect  the 
engine  galleries,  making  them  continuous  throughout  the 
whole  plant,  or  to  construct  mezzanine  galleries  around 
the  house  on  the  same  level  and  connecting  with  all  the  gal- 
leries. If  this  is  done,  the  various  units  can  be  visited  for 
inspection  and  oiling  without  descending  to  the  floor  each 
time,  thus  making  easier  the  labor  of  attending  to  this  class 
of  engine. 

1,  Iiifl lienee  of  Hrainajire. — -Unless  especial  care  is  exer- 
cised in  the  design  of  the  vertical  engine  to  free  of  water  all 
parts  coming  in  contact  with  the  live  steam  and  to  prevent 
water  pockets,  its  economy  will  fall  below  that  of  the  hori- 
zontal engine,  especially  if  the  latter  is  of  the  four-valve 
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type,  which  type  when  embodied  in  the  horizontal  machine 
is  almost  self-draining.  The  vertical  design  does  not  so 
readily  lend  itself  to  drainage  and  hence  requires  especial 
care  in  this  respect. 

8.  Iiifliience  of  Balanciii^^. — The  mechanical  efficiency 
of  the  vertical  engine  is  from  2 to  3 per  cent,  higher  than 
that  of  the  horizontal  engine.  With  an  equal  measure  of 
care  as  regards  balancing,  the  vertical  engine  will  operate 
more  smoothly  than  the  horizontal  machine;  this  is  due  to 
the  fact  that  the  unbalanced  vertical  force  acts  vertically 
through  the  machine  and  foundation,  while  the  unbalanced 
horizontal  force  is  close  to  the  foundation  and  is  counteracted 
by  two  heavy  masses — the  foundation  below  and  the  engine 
above. 

O.  Combined  Vertical  and  Horizontal  Engines. — A 

type  of  engine  occasionally  used  is  a combination  of  the 
horizontal  and  vertical  machine.  This  engine  is  usually 
made  a compound,  in  which  the  low-pressure  cylinder  is 
made  vertical,  for  reasons  that  have  been  previously  given, 
while  the  high-pressure  cylinder  is  placed  horizontal.  Both 
engines  act  on  one  crankpin,  thus  making  a compact  machine 
having  all  the  advantages  of  two  cranks  at  right  angles. 
This  type  of  machine  has  been  made  in  very  large  units  and 
used  for  direct-connected  electric  service  and  reversing  roll- 
ing-mill service. 


AUTOMATIC  CUT-OFF  VEUSUS  THROTTLING 
ENGINES. 

10.  Tyx>es  of  Automatic  Ciit-Oif  Engines. — There  are 
two  distinct  types  of  automatic  cut-off  engines,  the  positive 
automatic  cut-off^  in  which  the  main  or  cut-off  valve  closes 
the  port  by  positive  motion  derived  from  some  part  of  the 
engine,  usually  an  eccentric  on  the  main  shaft,  and  the 
rclcasiug-gear  cut-off\  in  which  the  main  valve  or  cut-off 
valve  is  made  to  close  the  admission  port  by  means  of 
vacuum  pots,  weights,  springs,  steam  pressure,  or  other 
sufficient  means. 
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11.  Limiting  Speeds  of  Ileleasiiig-Gear  Engines. — 

The  positive  automatic  cut-off  engine  is  always  used  for 
quick-running  engines  in  preference  to  the  releasing-gear 
engine.  The  practicable  maximum  speed  of  the  latter  type 
may  be  set  at  100  revolutions  per  minute  for  engines  up  to 
500  horsepower,  85  revolutions  per  minute  up  to  2,000  horse- 
power, and  75  revolutions  per  minute  up  to  5,000  horsepower, 
although  small  releasing-gear  engines  have  been  run  at 
150  revolutions  per  minute.  The  best  builders  do  not  advise 
speeds  higher  than  those  given  above.  There  are  a very 
few  builders  that  run  their  small  and  medium-size  engines 
about  20  per  cent,  faster  than  the  speeds  given  above,  but 
this  does  not  mean  that  the  same  power  is  obtained  at 
20  per  cent,  less  investment,  for  the  reason  that  to  run  s'atis- 
factorily  at  these  high  speeds  the  machines  must  be  espe- 
cially constructed  and  heavily  built;  furthermore,  the  lack  of 
insurance  against  shut  down  due  to  breakage  or  heating 
and  the  larger  quantity  of  oil  required  more  than  offset  the 
item  of  first  cost.  For  all  conditions  requiring  high  speeds 
and  great  economy,  the  positive  automatic  cut-off  engine  is 
usually  chosen.  These  machines  can  always  be  run  at 
speeds  not  determined  or  limited  by  the  construction  or 
operation  of  the  valve  gear. 

12,  Economy  of  Automatic  Cut-Off  Engines. — The 
economy  of  the  positive  automatic  cut-off  engine  with 
one  valve  is  only  about  75  per  cent,  of  that  of  a releasing- 
gear  automatic  cut-off  engine  of  equal  grade.  There  are, 
however,  some  positive  automatic  cut-off  engines  of  the 
four-valve  type  in  which  the  cut-off  valve  is  mounted  on 
the  main  valve  and  is  positively  driven  by  a shaft  governor; 
in  such  an  engine  the  economy  of  steam  is  fully  equal  to 
that  of  the  releasing-gear  engine.  They  are  capable  of 
much  higher  speeds  than  the  releasing-gear  engine,  but 
owing  to  some  complication  of  the  valve  gear,  they  are  not 
usually  run  at  as  high  speeds  as  the  one-valve  positive 
automatic  cut-off  engine.  The  four-valve  positive  auto- 
matic cut-off  engine  is  somewhat  more  expensive  than  the 
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releasing-gear  engine,  which,  in  turn,  is  considerably  more 
expensive  than  the  one-valve  automatic  engine. 

13.  Accessibility  of  Releasing-Gear  Engines. — The 
releasing-gear  engine  is  invariably  more  complicated  than 
the  positive  gear  and  requires  closer  adjustment,  but  on  the 
other  hand,  it  is  much  more  accessible  for  adjustment,  even 
while  in  motion,  than  the  positive  gear,  which  is  unapproach- 
able while  the  engine  is  running.  The  problem  of  oiling 
the  positive-gear  engine  is  one  that  cannot  be  solved  too 
carefully,  as  the  success  of  the  gear  largely  depends  upon 
the  perfection  of  the  oiling  devices.  The  oiling  of  the 
releasing-gear  engine  is  an  easy  problem  in  comparison. 
These  statements  apply  not  only  to  the  valve  gear,  but 
with  equal  force  to  the  reciprocating  and  rotating  parts  of 
both  classes  of  engines. 

14,  Comparison  of  Tlirottling  and  Antomatic  Cut- 
Off  Engines. — The  simple  throttling  engine  is  the  oldest 
type  of  engine  and  is  probably  the  least  used  at  the  present 
time.  Its  strongest  claim  to  existence  is  simplicity,  and 
for  many  purposes  and  locations  the  claim  is  strong.  It  is 
much  less  economical  than  the  automatic  cut-off  engine,  is 
usually  built  for  slower  speeds,  and  generally  there  is  not 
much  attention  paid  to  the  features  conducive  to  economy. 
One  of  the  defects  of  the  throttling  engine  is  that,  for  the 
purposes  of  regulation,  this  machine  must  have  from  5 to 
20  pounds  more  steam  pressure  on  the  inlet  side  of  the 
governor  than  on  the  outlet  side;  consequently,  the  boiler 
must  generate  steam  from  5 to  20  pounds  higher  pressure 
than  is  actually  used  in  the  engine;  hence,  some  waste  of 
heat  takes  place  before  the  steam  arrives  in  the  working 
cylinder. 

• 15.  The  automatic  cut-off  engine  adjusts  its  energy  to 
the  resistance  by  measuring  out  a supply  of  steam  always  at 
or  near  the  boiler  pressure  and  sufficient  to  overcome  the 
resistance;  the  throttling  engine  always  supplies  the  same 
volume,  but  varies  the  pressure  to  suit  the  resistance  to  be 
overcome.  The  automatic  cut-off  engine  is  capable  of 
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high  ratios  of  expansion;  the  throttling  engine  as  usually 
built  is  not,  f cut-off  being  the  prevailing  point,  giving 
only  1-^  expansions. 

16.  There  is  another  class  of  engine,  known  as  the 
Jlleyer  valve  engine^  belonging  to  the  throttling-engine 
family,  in  which  a separate  expansion  valve  on  the  back  of 
the  main  valve  and  worked  by  a separate  eccentric  is  used 
to  effect  a cut-off  from  0 to  f stroke.  This  class  of  engines 
is  capable  of  high  ratios  of  expansion  and  hence  is  quite 
economical ; they  are  usually  well  made  and  provided  with 
a throttling  governor.  The  point  of  cut-off  is  adjustable  by 
hand  and  is  set  very  close  to  the  actual  demands,  allowing 
the  governor  very  little  range  of  pressure  to  adjust  the 
speed  of  the  engine. 


SIMPLE  ENGINES  VERSUS  COMPOUND. 

IT.  Influence  of  Power  Required. — Like  most  engi- 
neering problems,  the  problems  relating  to  the  use  of  com- 
pound engines  resolve  themselves  chiefly  into  problems  of 
finance.  The  cost  of  fuel  and  amount  of  power  required 
are  leading  factors  in  determining  the  use  of  compound 
engines,  generally  speaking.  When  the  power  required  is 
less  than  200  horsepower,  it  will  hardly  pay  to  put  in  a 
compound  condensing  engine  where  the  steam  pressure  is 
limited  to  100  pounds  gauge,  unless  the  cost  of  fuel  is 
very  high,  say  $4,  or  more,  per  ton.  If  ]25  pounds  of 
steam  can  be  carried  by  the  boiler,  it  will  be  a paying 
investment.  Similar  limits  apply  to  the  case  of  a com- 
pound non-condensing  engine,  except  that  the  steam  pres- 
sures should  be  changed  to  125  pounds  gauge  pressure  and 
150  pounds,  respectively. 

18.  As  the  size  of  the  engine  increases,  it  becomes  more 
important  to  compound,  for  the  reason  that  a 1,000-horse- 
power engine  does  not  cost  five  times  as  much  as  a 
200-horsepower  engine  of  similar  design  and  construction. 
When  the  price  of  fuel  is  low,  compounding  becomes  of  less 
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importance,  and  compound  non-condensing  engines  with  a 
variable  load  when  working  with  steam  pressure  not  more 
than  150  pounds  are  rarely  paying  investments. 

10.  Triple-  ami  Qua(lriii)le-Expaiision  Engines. — 

Triple-expansion  condensing  engines  have  shown  a real 
economical  advantage  over  compound  engines  of  20  per 
cent.  Such  engines  should  not  be  used  with  less  than 
100  pounds  steam  pressure.  Triple-expansion  non-condens- 
ing engines  seldom  prove  a good  investment  under  ordinary 
conditions,  and  the  same  may  be  said  of  quadruple-expan- 
sion condensing  engines.  This  statement  refers  to  land 
engines,  but  not  to  marine  engines,  where  quadruple  engines 
are  sometimes  used  not  only  to  secure  extreme  economy  in 
the  use  of  steam,  but  also  to  reduce  the  vibrations  of  the 
ship  to  a minimum. 

20.  Steam  Consumption. — A good  four-valve  auto- 
matic cut-off  engine  will  consume  24  pounds  of  dry  steam 
at  100  pounds  pressure  per  horsepower  per  hour,  while  a 
compound  condensing  engine  of  similar  design,  but  having 
a reheating  receiver  supplied  with  50  square  feet  of  tube 
reheating  surface  for  each  cubic  foot  of  steam  delivered 
from  the  high-pressure  cylinder,  will  consume  but  14  pounds 
of  dry  steam  of  135  pounds  pressure  per  horsepower  per 
hour.  A good  triple-expansion  condensing  engine,  if  sup- 
plied with  steam  at  IGO  pounds  pressure,  could  accomplish 
the  same  work  with  11  pounds  of  dry  steam  per  hour.  The 
above  figures  as  to  steam  consumption  hold  only  for  medium 
and  large  engines,  say  from  500  horsepower  up;  small 
engines  are  not  so  economical  as  large  engines,  which  is 
probably  due  to  the  greater  ratio  of  cylinder  and  port  sur- 
face to  the  volume  .swept  through  by  the  piston  in  small 
engines. 

21.  Factors  to  l)e  Considered. — While  the  problem  of 
simple  versus  compound  engines  is  always  one  of  finance, 
economy  of  fuel  and  first  cost  are  not  always  the  determin- 
ing elements.  The  compound  engine  is  always  more  com- 
plicated and  hence  more  liable  to  a breakdown,  and  if 
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isolated,  requires  the  carrying  of  more  spare  parts.  It 
requires  a higher  degree  of  skill  to  maintain  it  in  economical 
condition  and  requires  better  and  more  expensive  boilers, 
but  does  not  require  as  many  boilers  or  as  large  a boiler 
plant.  The  question  of  whether  insurance  risks  may  be 
greater  and  the  facilities  for  repairs  should  also  be  consid- 
ered in  determining  the  type  of  engine.  The  real  test  in 
any  case  is  the  final  influence  of  the  machinery  used  on  the 
profits  of  the  business. 


TAXDEM  COMPOUIS^D  VERSUS  CROSS-COMPOUIS^D 

EKGmES. 

33.  Cylinder  Arrangements  of  Tandem  Conii)onnd 
Engines. — A tandem  compound  engine  is  one  in  which  the 
cylinders  are  arranged  one  behind  the  other,  both  pistons 
being  on  the  same  piston  rod  and  acting  on  one  crankpin. 
The  cylinders  are  arranged  sometimes  with  the  high-pres- 
sure cylinder  behind  and  sometimes  with  the  low-pressure 
cylinder  behind.  Both  arrangements  have  their  advan- 
tages. When  the  low-pressure  cylinder  is  placed  behind 
and  the  front  low-pressure  cylinder  head  is  made  on  an 
internal  flange,  the  cylinders  and  pistons  are  quite  acces- 
sible. When  the  high-pressure  cylinder  is  placed  behind  the 
low-pressure,  the  piston  rod  must  be  removed  through  the 
front  low-pressure  stuffingbox  and,  consequently,  can  have 
no  projecting  collars  forged  on  it  to  take  the  thrust  of  the 
low-pressure  piston.  The  rod  is  sometimes  fitted  with  loose 
steel  collars  that  take  the  thrust  of  the  low-pressure  piston; 
sometimes  the  portion  of  the  rod  that  enters  the  low-pres- 
sure cylinder  is  made  rather  large  in  order  to  form  a suffi- 
cient shoulder  for  the  low-pressure  piston  to  bear  against. 
When  it  becomes  necessary  to  forge  a collar  on  the  rod  to 
secure  a sufficient  bearing  shoulder  for  the  low-pressure 
piston,  the  stuffingbox  throat  must  be  bushed;  the  collar 
will  then  pass  through  the  throat  when  the  bushing  is 
removed.  Both  pistons  should  have  tapered  seats  on  the  rod. 
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23.  Disadvantages  of  Tandem  Compound  Engines. 
The  principal  objection  to  the  tandem  engine  is  the  inacces- 
sibility of  the  cylinders  and  pistons  for  inspection  or  repair. 
The  cylinders  are  also  liable  to  get  out  of  alinement  if  not 
properly  designed  and  constructed,  which  occurrence,  in 
turn,  reduces  the  mechanical  efficiency  of  the  machine. 
The  loss  of  alinement  is  obviated  to  a considerable  extent  by 
making  a heavy  cast-iron  sole  plate  extend  under  both  cylin- 
ders. The  front  cylinder  should  be  securely  bolted  to  this 
sole  plate,  while  the  rear  cylinder  should  be  arranged  to  slide 
in  suitable  ways,  which  constrain  it  laterally,  but  allow  it  to 
move  longitudinally  when  it  expands  and  contracts.  This 
feature  in  large  engines  is  important. 

24.  Comparison  of  Spare  Parts  Required. — The  eco- 
nomical performance  of  the  two  types  of  machines  are  the 
same.  The  cross-compound  engine  has  considerably  more 
parts  than  the  tandem,  but  many  of  them  are  exact  dupli- 
cates, so  that  in  isolated  districts  the  cross-compound  engine 
would  probably  not  require  a larger  item  of  spare  parts  than 
the  tandem.  On  account  of  their  smaller  size,  for  equal  engine 
power,  the  first  cost  of  spare  parts  for  a cross-compound 
.engine  would  be  less  than  for  the  tandem  engine. 

25.  Comparison  of  Meelianieal  Efficiency. — For  equal 
engine  power,  the  mechanical  efficiency  of  the  two  types  of 
machines  should  be  in  favor  of  the  cross-compound  engine. 
This  at  first  thought  seems  erroneous,  but  a little  con- 
sideration will  make  this  fact  clear.  The  frictional  resist- 
ances of  pistons  and  rods  should  be  the  same  with  both,  but 
in  the  tandem  compound  they  are  much  more  liable  to 
increase  in  time,  due  to  its  greater  liability  to  get  out  of 
alinement.  The  valve-gear  resistances  should  be  practically 
the  same  in  both  types,  but  usually  are  slightly  in  favor  of 
the  tandem  compound.  Considering  the  resistances  at  the 
.crossheads  and  crankpins,  while  there  are  twice  as  many 
parts  in  contact  in  the  cross-compound  engine,  the  total 
force  and  resultant  pressures  and  the  direction  and  duration 
of  the  pressure  are  the  same  in  both  types. 
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2G.  The  greatest  divergency  in  the  frictional  resistances 
of  the  two  types  of  engine  is  at  the  shaft.  For  equal  degrees 
of  unsteadiness  of  rotation,  both  engines  working  at  the 
same  economical  ratio  of  expansion  and  speed,  the  tandem 
engine  requires  a wheel  about  1^^  times  heavier  than  a cross- 
compound engine.  This,  in  turn,  requires  a larger  and 
heavier  shaft  and  bearings  and  means  an  increased  velocity 
of  the  bearing  surfaces,  and  hence  more  wear  and  oil ; in  this 
respect  the  cross-compound  engine  has  a decided  advantage 
over  the  tandem. 

27.  Comparison  of  Cost. — The  tandem  engine  has  its 
strongest  claim  in  the  matter  of  first  cost;  if  this,  however, 
is  carefully  investigated,  it  will  be  found  that  for  similar 
service,  economy,  speed,  pressure,  and  type,  the  first  cost  of 
the  tandem  engine  will  average  only  about  9 per  cent,  lower 
than  the  first  cost  of  the  cross-compound  engine.  The  cost 
of  foundation  for  a tandem  engine  will  be  about  20  per  cent, 
less  than  that  for  the  cross-compound. 

28.  Formerly,  it  was  the  practice  to  make  the  passage 
of  steam  from  the  low-pressure  cylinder  to  the  high-pressure 
cylinder  of  tandem  engines  as  short  and  direct  as  possible, 
but  the  prevailing  practice  at  present  for  equal  duty  is  to 
give  the  tandem  engine  a reheating  receiver  of  a volume 
equal  to  that  of  the  receiver  of  the  cross-compound  engine, 
which  is  usually  equal  to  the  volume  of  the  low-pressure 
cylinder;  and  it  is  customary  to  provide  for  both  types  of 
engines  about  50  square  feet  of  tube  reheating  surface  for 
each  cubic  foot  of  steam  exhausted  by  the  high-pressure 
cylinder.  Formerly,  there  was  considerable  difference  of 
cost  between  receivers  and  piping  for  tandem  and  cross- 
compound engines,  but  as  at  present  constructed,  there  is 
no  appreciable  difference. 

29.  Comparison  of  Smootliness  of  Tlnnning:. — With 
equal  elaboration  to  secure  smoothness  of  running,  and  com- 
paring condensing  engines,  the  tandem  engine  will  generally 
excel.  The  reason  for  this  is  seen  when  it  is  considered  that 
compression  is  the  main  factor  tending  to  secure  smoothness 
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in  turning  the  dead  centers.  If  the  vacuum  in  the  low- 
pressure  cylinder  be  good,  the  remaining  gas  is  so  attenuated 
that  ordinary  means  will  not  secure  sufficient  compression  to 
absorb  the  inertia  of  the  reciprocating  parts  at  the  end  of 
the  stroke,  the  result  being  a severe  pounding  at  all  journals. 
To  prevent  this,  extraordinary  and  expensive  means  must 
be  used,  such  as  providing  separate  valve  gear  to  drive  the 
exhaust  valves  independent  of  the  steam  valves.  In  the 
tandem  engine,  both  pistons  being  on  the  same  rod,  sufficient 
compression  can  easily  be  obtained  behind  the  high-pressure 
and  low-pressure  pistons  to  fully  absorb  the  inertia  of  the 
reciprocating  parts.  This  applies  particularly  to  releasing 
valve-gear  engines. 


SINGLE  TERSITS  El  FLEX  ENGINES. 

30.  Purpose  of  Euplex  Reversible  Eug^iiies. — A 

duplex  engine  consists  of  two  simple  engines,  usually  exact 
duplicates  in  all  respects,  operating  on  one  crank-shaft; 
hence,  it  is  similar  in  arrangement  to  the  cross-compound 
engine.  Reversible  engines  are  almost  invariably  duplex  to 
facilitate  starting  the  engines  at  any  possible  position  at 
which  the  cranks  may  happen  to  be.  Familiar  examples  of 
this  type  of  engine  are  the  locomotive,  hoisting  engines, 
blooming  engines,  and  barring  engines. 

31.  Pui*x)ose  of  Euplex  Non -Reversible  Engines. — 

The  duplex  non-reversible  engine  is  frequently  met  with  in 
industrial  works,  and  their  existence  is  usually  due  to  an 
extension  of  the  industry,  where  a little  forethought  has 
served  to  save  the  additional  cost  of  an  entirely  new  engine. 
In  planning  and  developing  an  industry,  it  is  reasonably 
expected  to  grow  and  expand  ; often  the  exact  expansion  can- 
not be  predicted  with  certainty.  While  a certain  amount  of 
surplus  power  can  be  provided  for  in  installing  the  original 
engine,  it  is  a well-established  fact  in  steam  engineering 
that  an  underloaded  engine  is  an  extremely  wasteful  and 
poor  paying  investment;  this  fact  creates  the  field  for  the 
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duplex  non-reversible  engine.  The  wheel  for  the  original 
single  engine  is  made  sufficiently  large  to  transmit  double  the 
original  power,  if  belt  or  rope  transmission  is  used ; this,  how- 
ever, does  not  mean  that  it  shall  be  double  the  weight  or  cost, 
but  only  1.1  times  the  weight  for  a single  engine  and  about 
1.3  times  the  cost  of  a wheel  for  a single  engine.  Frequently 
a section  of  the  bedplate  containing  the  shaft  bearing  is  pur- 
chased with  the  original  machine,  and  when  the  demand  for 
another  engine  is  made,  it  can  be  readily  attached  to  the 
original  machine  without  a shut-down  or  delay  of  the  works. 

33.  Metliods  of  Providing-  for  Increased  Power. — 

Other  methods  are  sometimes  practiced  to  accomplish  The 
ends  secured  by  the  duplex  engine,  such  as  purchasing  a 
larger  engine  than  is  required,  inserting  a thick  bushing  in 
the  cylinder,  and  providing  a smaller  piston,  all  being  so 
arranged  as  to  be  removed  when  the  demand  for  increased 
power  is  made.  While  this  accomplishes  the  same  result, 
it  is  done  at  a sacrifice  of  economy  and  ties  up  a consider- 
able amount  of  extra  capital,  due  to  the  first  cost  of  the 
larger  engine,  which  might  otherwise  be  turned  to  good 
investment. 

If  conditions  so  change  between  the  time  of  installing  the 
original  engine  and  such  time  as  increased  power  is  required, 
the  machine  intended  to  be  duplex  can  quite  as  readily  be 
made  into  a cross-compound  as  a duplex  by  adding  a low- 
pressure  cylinder  and  receiver,  and  if  water  be  available,  a 
condenser.  It  might  be  well  to  add  here  that  if  it  is  required 
to  obtain  the  same  amount  of  power  with  a higher  degree  of 
economy,  the  steam  pressure  and  speed  remaining  the  same, 
it  cannot  be  obtained  by  the  addition  of  a high-pressure  cylin- 
der, as  is  very  often  erroneously  assumed.  The  saving  in 
fuel  by  compounding  and  the  addition  of  a condenser  should 
be  between  15  and  20  per  cent. 

33.  Comparison  of  Meclianical  Efiieieneies.  — The 

mechanical  efficiency  of  the  simple  engine  of  equal  power 
compared  with  the  duplex  should  be  a little  higher.  There 
should  be  no  appreciable  difference  in  the  economical 
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performance  of  the  two  types  of  engines  unless  the  sizes  are 
such  as  to  render  the  duplex  very  small  engines,  in  which 
event  the  economical  efficiency  of  the  duplex  engine  will 
suffer  a loss.  The  duplex  engine  should  operate  more 
smoothly  than  the  simple  because  of  the  more  even  turning 
moment  at  the  crank-shaft.  The  simple  engine  of  equal 
power,  and  if  run  at  the  same  speed  as  the  duplex  engine, 
to  secure  the  same  coefficient  of  unsteadiness  of  rotation, 
will  require  a wheel  1.6  times  heavier  than  the  duplex,  and 
necessarily  a heavier  shaft  and  larger  bearings;  this  oper- 
ates to  reduce  the  mechanical  efficiency  of  the  simple 
engine. 

34.  First  Cost. — For  engines  of  equal  power,  under  the 
same  steam  pressure  and  piston  speed,  the  duplex  engine 
will  cost  about  1.4  times  as  much  as  the  simple  engine, 
while  the  foundations  will  cost  about  1.6  times  as  much  as 
the  foundations  for  a simple  engine.  It  is  to  be  noted,  how- 
ever, in  selecting  engines  with  reference  to  cost  per  horse- 
power that  the  price  will  be  found  to  vary  on  either  side  of 
a minimum  horsepower,  which  for  ordinary  engines  will  be 
about  500  horsepower.  Owing  to  this  fact,  it  sometimes 
happens  that  a very  large  duplex  engine  may  be  found  to 
cost  less  than  a single  engine  of  equal  power. 


IIIGII-SPEEB  VERSUS  SEOW-SPEED  ENGINES. 

35.  Classification. — The  line  of  demarcation  between 
high-speed  and  slow-speed  engines  is  not  clearly  defined 
when  referred  to  the  number  of  revolutions  made  per  min- 
ute or  per  second,  for  there  is  another  characteristic  that, 
when  considered  in  connection  with  the  number  of  revolu- 
tions per  minute,  assigns  them  to  the  class  in  which  they 
belong.  This  characteristic  is  the  manner  in  which  regula- 
tion is  secured.  Engines  with  ‘a  releasing-valve  gear,  usu- 
ally of  the  four-valve  type,  and  regulated  by  a pendulum 
governor  are  classed  as  slow-speed  engines,  barring  a 
few  exceptions,  while  positive  automatic  cut-off  engines. 
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regulated  by  means  of  a shaft  governor,  are  invariably  classed 
as  high-speed  engines.  Engines  regulated  by  means  of  a 
throttling  governor  are  seldom  classed  as  either  high-speed 
or  slow-speed  engines;  in  fact,  they  usually  run  at  speeds 
midway  between  those  of  the  two  first-mentioned  classes  of 
machine.  In  considering  the  relative  merits  of  high-speed 
and  slow-speed  engines,  the  speed  refers  to  the  revolutions 
per  minute,  and  not  to  the  piston  speedy  for,  as  a matter  of 
fact,  the  piston  speed  of  modern  slow-speed  engines  often 
exceeds  that  of  the  high-speed  engine. 

30.  Purpose  aiul  Advantages  of  Ili^li-Speed  En- 
gines.— It  may  safely  be  said  that  the  advent  of  electricity 
as  a medium  for  the  transmission  of  - energy  caused  the 
development  of  the  quick-running  engine,  and  it  is  in  the 
electrical  field  that  it  still  finds  its  largest  market.  It  is  not 
confined  to  the  electrical  industry,  however,  and  has  been 
applied  to  nearly  every  service,  either  direct-connected  or  by 
belting.  Its  principal  merits  are  comparative  low  first 
cost  and  small  space  required  ; its  principal  objections  are 
wastefulness  of  fuel  and  need  of  constant  attention.  These 
objections  are  not  universal,  however,  as  there  are  some 
high-speed  engines  on  the  market  that  are  quite  equal  in 
economy  and  in  all  other  respects  to  any  of  the  slow-speed 
engines.  There  are  also  some  high-speed  engines  of  the 
enclosed  crank-chamber  type  that,  to  a great  extent,  are 
self-lubricating  and  demand  very  little  attention ; they 
usually  take  the  vertical  form.  The  majority  of  high- 
speed engines  are  not  very  economical  machines  and  must 
be  carefully  watched. 

37.  Comparison  of  Valves  for  Iligli-Speecl  Engines. 

High-speed  engines  are  almost  invariably  fitted  with  a 
balanced  valve,  which  is  frequently  a 'piston  valve.  It  is 
claimed  that  this  type  of  valve,  if  used  on  a horizontal 
high-speed  engine,  will  begin  to  leak  about  the  time  the 
engine  is  paid  for  and  will  not  improve  with  age,  notwith- 
standing the  many  devices  used  to  adjust  the  fit  of  these 
valves  in  their  liners  or  casings. 
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The  piston  valve  applied  to  the  vertical  engine  has  given 
better  results  as  regards  less  leakage  and  resultant  economy, 
but  even  here  it  has  not  been  altogether  satisfactory,  prin- 
cipally because  the  system  of  regulation  imposes  varying 
travel  to  the  valve  and  unequal  wear  on  the  internal  surface 
of  the  casing  or  liner.  Other  systems  of  balancing  are  by 
means  of  pressure  or  cover-plates;  these  require  very  care- 
ful design  and  workmanship,  but  if  properly  designed  and 
fitted,  they  are  much  superior  to  the  piston  valve.  The 
clearance  with  the  latter  form  of  valve  is  usually  much  less 
than  with  the  piston  valve,  but  the  clearance  is  generally 
large  in  all  of  them,  and  it  is  due  to  this  fact  that  the 
periods  of  compression  can  be  lengthened  and  the  engine  be 
made  to  operate  very  smoothly. 

The  Corliss  valve  has  been  used  to  some  extent  on  high- 
speed engines,  but  the  result  has  not  been  altogether  encour- 
aging, and  in  several  instances  they  have  been  absolute 
failures,  which  was  probably  due  to  the  fact  that  if  pressure 
is  allowed  to  remain  on  Corliss  valves  sufficiently  long  to 
force  out  the  film  of  oil  that  is  between  the  valve  and  the 
seat,  it  takes  considerable  force  to  move  them. 

38.  Valve  Motions. — The  valve  motion  is  invariably 
derived  from  an  eccentric  of  variable  throw  and  angular 
advance  or  from  an  equivalent  crank,  so  hung  as  to  give  a 
nearly  constant  lead.  The  peculiar  valve  gears  of  the 
high-grade  slow-speed  engine,  by  virtue  of  which  the  valves 
move  but  little  and  very  slowly  after  they  have  closed  the 
ports,  are  seldom  or  never  attempted  in  the  high-speed 
engine. 


39.  Effects  of  Ear^e  Clearance  Volume. — The  neces- 
sary simplicity  and  desirable  low  first  cost  of  high-speed 
engines  has  resulted,  on  account  of  the  types  of  valves,  in 
large  and  comparatively  long  steam  ports,  which  increase  the 
clearance  volume  and  clearance  surface.  As  was  previously 
pointed  out,  high-speed  engines  have  a high  speed  as  regards 
the  number  of  revolutions  per  unit  of  time ; consequently, 
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the  stroke  must  be  shortened,  which  results  in  a high  per- 
centage of  clearance  volume ; the  frequency  with  which  this 
clearance  volume  or  part  of  it  is  filled  with  fresh  steam 
affects  the  economy  of  this  class  of  engine  to  some  extent. 

40.  Effect  of  Iliigli  Speed  on  Ee^2:iilatioii. — Aside 
from  the  question  of  economy,  one  of  the  leading  charac- 
teristics of  high-speed  engines  is  the  regulation.  On  account 
of  the  high  rotative  speed,  the  regulator  or  governor  has 
a much  greater  opportunity  to  effect  changes  in  the  speed; 
that  is,  if  the  high-speed  engine  is  running  300  revolutions 
per  minute  while  the  slow-speed  engine  is  making  100  revo- 
lutions per  minute,  the  high-speed  engine  may  be  said  to 
have  GOO  opportunities  to  adjust  the  steam  supply  while  the 
slow-speed  machine  has  only  200;  or,  in  a unit  of  time, 
which  may  be  taken  as  1 revolution  of  the  slow-speed 
engine,  the  high-speed  engine  has  had  3 opportunities  to 
adjust  its  speed.  Consequently,  the  regulation  of  the  high- 
speed engine  is  much  superior  to  that  of  slow-running 
engines,  even  though  they  be  fitted  with  governors  equally  ' 
sensitive.  As  a matter  of  fact,  the  better  types  of  high- 
speed engines,  as  at  present  constructed,  leave  nothing  to 
be  desired  in  the  matter  of  regulation  for  any  possible  com- 
mercial service. 

41.  Prevention  of  Accidents. — The  increased  risk  of 
wear  and  the  liability  to  accident  due  to  their  rapid  motion, 
and  especially  when  accidents  do  occur,  the  seriousness  of 
their  nature  must  be  considered  in  connection  with  the 
high-speed  engine.  The  prevailing  tendency  among  builders 
of  this  class  of  engine  is  to  reduce  the  possibility  of  accident 
by  selecting  higher  grades  of  material,  providing  liberal 
wearing  surfaces,  which  are  case-hardened  or  oil-tempered, 
and  using  safe  and  thoroughly  tested  constructions  embraced 
by  massive  and  well-distributed  framings. 

4:2.  Lubrication. — High-speed  engines  require  copious 
lubrication,  and  unless  careful  provision  be  made  to  collect 
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the  excess,  great  wastes  may  result  in  this  direction.  This 
is  provided  against  to  a great  extent  by  providing  splashers, 
oil  guards,  drip  pans,  and  in  some  designs  completely 
enclosing  the  running  parts  in  oil  casings;  in  some  systems 
provisions  are  made  for  draining  and  collecting  all  oil  in  a 
separate  chamber,  where  it  is  carefully  strained  or  filtered 
and  automatically  returned  to  the  bearings.  In  this  so- 
called  return  system,  a liberal  stream  or  several  streams  of 
oil  are  kept  running  upon  the  bearing  surfaces. 

43.  Accessibility  of  Ili^j^li-Speed  TCiig:ines. — From  the 
compact,  rigid  nature  of  the  design  of  high-speed  engines, 
they  are  not  as  accessible  as  the  slow-running  machine,  but 
it  cannot  be  argued  that  they  are  particularly  difficult  of 
access. 


44.  Influence  of  Iligli  Speed  onWelglit  of  Flywheel. 

Owing  to  the  velocity  of  the  high-speed  engine  and  to  the 
fact  that  the  energy  of  a flywheel  increases  as  the  square  of 
the  velocity  of  the  center  of  inertia,  the  wheels  for  high- 
speed engines  can  be  made  very  much  lighter  and  still  obtain 
the  same  degree  of  unsteadiness  as  in  the  slow-running 
engine.  This  relieves  the  bearings  of  much  dead  weight  and 
allows  the  shaft  to  be  made  smaller  and  makes  the  velocity 
of  its  rubbing  surfaces  much  less. 

45.  Comi)arison  of  Economic  Performances. — One  of 
the  elements  in  high-speed  engines  that,  no  doubt,  con- 
tributes much  to  the  economy  of  the  machine  is  the  little 
time  allowed  for  initial  condensation  of  each  charge  of  steam 
and  for  the  changes  in  temperature  preceding  each  charge; 
some  of  the  single-acting  very  quick-running  engines  have 
met  with  not  a little  success,  their  designers  attributing  it 
to  the  fact  above  mentioned.  It  must  be  borne  in  mind 
that  the  very  highest  duties  and  efficiencies  have  been 
obtained  from  the  slowest  running  engines,  as  pumping 
engines,  and  many  engineers  contend  that  speed  is  not  of 
vital  importance  in  securing  high  economy.  There  is, 
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however,  little  basis  for  comparison  between  the  two  engines^ 
for  slow-speed  engines  can  also  be  denominated  as  high- 
grade  engines,  while  high-speed  engines  may  be  classed  as 
low-grade  engines;  and  while  there  may  be  no  appreciable 
difference  in  the  economical  performance  of  high-grade 
engines  when  run  at  varying  speeds,  the  economy  of  a 
high-speed  engine  would  fall  away  materially  if  run  at  a 
slow  speed. 

46.  Saviiigrs  Due  to  Iligrli  Speed.  — The  high-speed 
engine  has  it  strongest  claim  over  the  slow-speed  engine  in 
its  adaptability  to  direct-connected  work,  whether  the  con- 
nection be  to  electric  generators,  the  shaft  of  a mill,  or  any 
industrial  work.  There  is  at  once  a direct  saving  not  only 
in  the  first  cost  of  the  engine,  but  in  saving  due  to  the 
omission  of  transmission  machinery,  as  jack-shafts,  belts,  or 
gearing,  bearings  and  their  foundations,  and  the  continuing 
expense  resulting  from  their  attendance,  lubrication,  and 
repair.  High-speed  engines,  owing  to  their  greater  steam 
consumption,  demand  a 20-per  cent,  larger  boiler  plant, 
which  is  an  item  of  first  cost  to  be  considered.  While  the 
circulars  of  high-speed  engine  builders  announce  their 
capacity  and  willingness  to  build  this  type  of  machine  for 
large  powers,  they  are  seldom  met  with  in  actual  practice ; 
the  common  range  of  power  is  from  60  to  200  horsepower, 
but  they  are  occasionally  built  in  units  as  large  as  800  to 
1,000  horsepower. 

47.  IIif?li-Speed  Comi^ound  Engines.  — High-speed 
engines  are  as  commonly  built  compound  and  triple-expan- 
sion as  are  sloAv-speed  engines,  and  they  are  more  frequently 
built  compound  non-condensing  than  are  slow-speed  engines. 
The  compounds  are  arranged  both  cross  and  tandem.  With 
high-speed  engines  it  is  quite  important  to  have  spare  parts 
on  hand. 

^ 48.  Economy  of  Slow-Speed  En^^ines. — The  slow- 

speed  engine,  Avhich  at  the  present  time  is  almost  invariably 
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of  the  four- valve  drop  cut-off  or  releasing- valve  gear  type, 
is  most  commonly  chosen  for  all  large  units  where  contin- 
uous operation  is  required.  In  localities  where  fuel  is 
expensive,  even  though  the  steam  plant  be  used  as  a relay 
in  case  of  failing  water-power,  the  slow-running  economical 
engine  will  be  found.  This  condition  is  generally  one  requir- 
ing very  careful  study  to  obtain  maximum  commercial  effi- 
ciency. The  slow-speed  engine  admits  of  many,  though 
practical,  complications  to  the  end  of  securing  extreme 
economy  of  steam  and  high  mechanical  efficiency.  The 
valves  are  usually  so  placed  as  to  reduce  the  clearance  vol- 
ume and  clearance  surface  to  a minimum;  great  care  is 
exercised  to  free  the  cylinders  of  water;  steam  jacketing  of 
heads  and  cylinders  is  common.  The  polishing  of  the  inter- 
nal faces  of  heads  and  pistons  in  order  to  reduce  the  activity 
of  the  metal  in  receiving  and  imparting  heat  to  the  work- 
ing steam,  and  thus  reducing  initial  condensation,  is  some- 
times resorted  to;  elaborate  valve  gears  to  give  theoret- 
ical steam  distribution  are  possible  with  the  slow-speed 
engine. 


49.  First  Cost  of  Slow-Speed  Engines. — The  slow- 
speed  engine  is  much  the  larger,  heavier,  and  more  expen- 
sive machine,  and  usually  costs  lyV  times  as  much  as  the 
high-speed  engine  of  equal  power.  The  foundations  are 
also  more  expensive,  but  the  boiler  capacity  need  not  be  so 
large.  The  relative  complete  cost  of  high-speed  and  slow- 
speed  power  plants  is  not  far  from  loO  per  horsepower 
for  high-speed  and  170  per  horsepower  for  slow-speed 
plants,  the  engines  being  simple  non-condensing.  The 
economical  performance,  assuming  the  engines  to  be  in 
fairly  good  condition,  should  be  about  30  pounds  of 
water  per  horsepower  per  hour  for  the  high-speed  and 
24  pounds  of  water  per  horsepower  per  hour  for  the  slow- 
speed,  bearing  in  mind,  however,  that  the  slow-speed 
engine  will  for  a long  time  maintain  its  economical  per- 
formance, while  the  high-speed  engine  will  generally  lose 
in  efficiency. 
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50,  Direet-Conneete<l  Engines  for  Dynamos. — The 

prevailing  practice  in  the  generation  of  electricity  by  steam 
power  is  towards  direct-connected  units,  and  the  cost  of  the 
electrical  generator  is  an  item  constantly  urging  higher  rota- 
tive speeds;  for  this  reason  the  slow-speed  engine,  a few 
years  ago,  was  by  several  builders  forced  past  its  practical 
limits  of  speed.  The  impracticability  of  the  move,  as  made 
apparent  by  constant  breakage  and  short  life,  was  soon  rec- 
ognized, and  moderate  speeds  of  about  90  to  100  or  110  rev- 
olutions per  minute  were  returned  to.  These  speeds  are 
now  seldom  exceeded,  and  somewhat  slower  speeds  are  advised 
when  long  life  and  immunity  from  accidents  are  desired. 
Reducing  the  rotative  speed  of  direct-connected  engines 
operates  to  increase  the  diameter  of  the  armature  or  revolv- 
ing field  of  the  electrical  generator,  and  this,  in  turn, 
increases  the  first  cost  of  the  unit;  it  is  here  that  the  high- 
speed engine  obtains  its  grip  in  the  solution  of  the  problem; 
but  after  passing  a very  moderate  power,  say  200  to  300  horse- 
power, the  item  of  economy  becomes  of  such  magnitude  that 
the  more  economical  and  more  expensive  slow-running  unit 
establishes  its  ultimate  value  to  the  engineer  or  purchaser. 

51.  Attention  and  Workmanship. — Where  the  high- 
speed engine  has  its  disadvantages,  corresponding  advan- 
tages may  be  found  in  the  slow-running  engine,  and  vice 
versa;  slow-speed  engines  besides  being  much  more  eco- 
nomical do  not  require  the  close  attention  demanded  of 
high-speed  engines.  With  reasonable  attention  the  slow- 
speed  engine  will  give  fair  warning  in  many  instances  of 
approaching  danger  that  will  be  developed  too  quickly  in  the 
high-speed  engine  to  control.  The  slow-speed  engine  is 
more  accessible  and  more  readily  adjusted;  the  workman- 
ship need  not  be  so  exacting  for  equal  results,  the  rate  of 
mechanical  depreciation  is  less,  and  the  life  and  service  of 
the  machine  is  greater.  ,The  regulation  of  the  slow  speed 
engine  is  not  equal  to  that  of  the  high-speed  engine,  and 
they  require  very  heavy  wheels  for  the  same  degree  of 
unsteadiness. 
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SELECTION  OF  ENGmES. 


INTRODUCTION. 

52.  The  problem  of  selecting  an  engine  for  a specified 
service  is  one  demanding  all  the  skill,  experience,  and  fore- 
thought of  the  constructing  engineer,  for  on  it  rests  one  of 
the  vital  and  constant  items  of  expenditure  of  the  indus- 
try of  which  it  forms  so  important  a part.  The  elements 
determining  the  selection  of  an  engine  may  be  briefly  men- 
tioned here  as  the  influence  of  the  kind  of  service,  the  loca- 
tion, first  cost,  cost  of  fuel  delivered  at  the  boilers,  steam 
pressure  available,  the  duration  of  service,  the  facilities  for 
repairs,  the  kind  of  labor  available,  the  existing  conditions, 
if  additions  or  renewals,  whether  the  engine  shall  be  con- 
densing or  non-condensing,  and  if  one  large  engine  shall  be 
used  or  whether  the  power  shall  be  divided  into  several 
smaller  units;  each  of  these  conditions  will  receive  separate 
consideration. 


KIND  OF  SERVICE. 

53.  Self-Selecting:  Service. — Evidently  the  service  to 
which  an  engine  shall  be  put  is  the  first  determining  ele- 
ment in  the  selection  of  an  engine.  In  many  cases  the  kind 
of  service  at  once  determines  the  general  type  of  machine, 
as,  for  instance,  for  hoisting,  pumping,  blowing,  locomo- 
tive, and  rolling  service.  There  are  many  lines  of  service, 
however,  in  which  the  type  is  not  self-selecting.  The  ser- 
vice may  be  divided  into  continuous  running  with  uniform 
load,  continuous  running  with  variable  load,  continuous  run- 
ning with  uniform  but  increasing  load  due  to  growth,  and 
in  ter  m it  ten  t run  n ing. 

54.  Continuous  Running:  Witli  ITiiiform  Load. — 

When  the  condition  of  continuous  running  with  uniform 
load  pertains,  the  first  question  arising  is  the  cost  of  fuel. 
If  this  item  of  expenditure  is  great,  the  evident  conclusion 
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is  that  the  steam  should  be  worked  at  as  high  a ratio  of 
expansion  as  practicable,  since  the  condition  existing  most 
readily  permits  economical  working  of  steam  machinery. 
Not  only  should  the  steam  be  worked  expansively,  but  it 
should  be  done  in  a high-grade  engine.  Whether  this  be 
high-speed  or  slow-speed  depends  on  the  particular  work 
the  machine  is  called  on  to  do.  If  the  engine  is  direct-con- 
nected to  an  electric  generator  of  not  over  200  horsepower 
demand  and  the  steam  pressure  is  125  pounds,  while  water 
is  available  for  condensing  purposes,  maximum  efficiency 
would  be  obtained  by  the  use  of  a compound  condensing 
high-speed  engine  having  separate  steam  and  exhaust  valves 
and  a governor  controlling  the  admission  valve  only.  Where 
economy  is  a desirable  item,  a high-speed  engine  having  one 
valve  for  steam  distribution  is  not  a favorite.  If  the  power 
demanded  is  large,  the  slow-speed  high-grade  engine  should 
be  the  choice  and  the  cost  of  fuel  should  dictate  in  a great 
measure  the  steam  pressure,  the  ratio  of  expansion,  and  the 
refinements  in  all  directions  to  the  end  of  reducing  all 
expenditures.  If  no  water  be  available  for  condensing  pur- 
poses, the  compound  non-condensing  engine  will  prove  a 
good  investment;  but  to  give  good  success,  the  compound 
non-condensing  engine  should  have  at  least  140  pounds  of 
steam  pressure,  and  care  must  be  taken  that  it  is  not  too 
large  for  its  work.  It  is  better,  as  far  as  economy  is  con- 
cerned, to  have  this  type  of  engine  small  rather  than  large 
for  its  work. 

55.  The  prevailing  practice  for  terminal  pressures  is 
19  pounds  absolute  pressure  in  the  United  States,  while 
25  pounds  absolute  pressure  is  the  practice  of  some  good 
English  builders.  If  expansion  is  carried  below  the  atmos- 
pheric pressure,  the  low-pressure  cylinder  will  prove  a drag 
on  the  engine. 

50.  Continuous  Rimninj?  Witli  Variable  Load. — For 

continuous  running  with  a variable  load,  the  compound 
non-condensing  engine  should  be  avoided.  For  this  service 
the  compound  condensing  engine  is  most  suitable,  as  it 
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works  over  a wide  range  of  expansion  without  materially 
affecting  its  economical  efficiency.  The  simple  condensing 
engine  is  well  suited  for  the  purpose.  If  condensing  water 
is  not  available  and  if  the  cost  of  fuel  or  demand  for  power 
is  not  sufficient  to  warrant  the  use  of  a cooling  tower  for 
condensing  water,  then  the  slow-speed  non-condensing 
engine  working  with  a steam  pressure  of  100  pounds  should 
be  the  choice. 

57.  Coiitiniioiis  Running  Witli  Uniform  But  Increas- 
ing^ Load. — For  continuous  running  with  a uniform  load, 
which  is  expected  to  be  increased,  however,  through  exten- 
sion of  the  business,  we  turn  naturally  to  the  simple  non-con- 
densing engine  of  high  or  low  grade,  depending  on  the  cost 
of  fuel,  and  arrange  to  make  it  into  a duplex  engine,  a con- 
densing engine,  or  a compound  condensing  engine,  if  water 
is  available,  as  demands  are  made  for  increase  of  power. 
It  would  be  questionable  economy  to  provide  for  converting 
this  machine  into  a compound  non-condensing  engine  on 
account  of  the  high  pressure  required  to  successfully  oper- 
ate this  type  of  machine.  In  the  absence  of  condensing 
water,  the  increased  power  could  be  most  easily  and  inex- 
pensively provided  by  making  the  engine  a duplex. 

58.  Intermittent  Running^. — For  intermittent  running 
there  is  much  dispute  among  engineers  as  to  the  best  type 
of  engine.  Here  also  the  cost  of  fuel  enters  as  a determin- 
ing element  of  considerable  weight.  One  of  the  most 
familiar  examples  of  intermittent  running  is  the  hoisting 
engine.  In  the  coal  fields  we  find  the  simplest  types  of 
engines  with  no  pretence  at  economy,  while  in  the  North- 
western copper-mining  district  we  find  the  most  elaborate 
triple-expansion  hoisting  engines  working  with  185  pounds 
steam  pressure.  Compound  condensing  hoisting  engines 
are  very  common  in  the  Northwestern  iron-mining  district 
and  in  the  South  African  gold-mining  industry.  In  both 
of  these  localities  the  cost  of  fuel  is  a heavy  item;  in  South 
Africa  it  is  not  only  expensive  but  poor  in  quality.  Con- 
densing water  is  also  very  scarce  and  the  prevailing  practice 
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is  to  make  the  engines  compound  condensing,  using  cooling 
towers  to  extract  the  heat  from  the  water,  and  to  use  the 
same  water  continuously.  The  contention  in  respect  to 
high-grade  multiple-expansion  engines  for  intermittent  work 
is  that  if  they  are  more  economical  in  continuous  service, 
the  same  or  nearly  the  same  comparative  margin  in  their 
favor  will  result  in  intermittent  work,  and  it  must  be  con- 
ceded that  there  is  reason  in  the  contention. 

59.  The  problem  of  choosing  an  engine  for  certain 
classes  of  intermittent  work  demands  the  study  of  local 
conditions,  in  which  the  cost  of  fuel  is  probably  the  most 
important  determining  condition.  If  the  cost  of  fuel  is 
high,  say  |5  per  ton,  and  the  power  demanded  is  large, 
and  the  duration  of  work  between  stops  is  2 minutes,  the 
high-grade  multiple-expansion  engine  should  be  a paying 
investment  even  though  the  extra  expense  of  providing  cool- 
ing towers  for  condensing  water  be  added.  If  the  power 
required  is  small,  the  high-grade  engine  is  very  seldom  or 
never  used,  even  though  the  cost  of  fuel  be  large.  For 
reversing  rolling-mill  service,  the  simplest  and  strongest  type 
of  engine  is  used,  the  high-grade  or  multiple-expansion 
engine  seldom  being  used. 

GO.  There  is  another  class  of  service  that  might  properly 
be  mentioned  under  the  head  of  intermittent-running  engines. 
This  exists  in  industries  that,  from  their  nature,  can  operate 
only  during  a season  or  part  of  the  year,  such  as  the  beet, 
cane  sugar,  certain  classes  of  wood  fiber,  and  other  industries 
dependent  on  season  and  soil  to  produce  their  raw  material. 
There  is  usually  considerable  refuse  in  these  industries,  hav- 
ing more  or  less  value  as  a combustible,  which,  if  it  cannot  be 
converted  into  a more  valuable  byproduct,  is  generally  used 
as  steam-generating  fuel.  The  amount  of  refuse  will  quite 
often  determine  the  type  of  engine  to  be  used  in  running  the 
plant.  It  is  usually  in  excess  (except  in  the  beet-sugar 
industry,  where  the  refuse  is  a marketable  byproduct),  and 
then  the  simplest,  strongest,  and  cheapest  constructed  type 
of  engine  is  chosen. 
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61.  Relay  engines  can  be  classified  to  some  extent  as 
intermittent-running  engines;  but  as  their  term  of  service  is 
often  of  considerable  duration,  especially  when  they  supple- 
ment water-power,  with  the  further  condition  that  many 
water-powers  are  decreasing  in  force  year  by  year,  the  high- 
grade  slow-running  engine  is  generally  chosen  for  this  ser- 
vice for  large  powers  and  the  better  type  of  high-speed 
engine  where  smaller  power  or  occasional  assistance  is 
required. 


INFLUENCE  OF  LOCATION. 

62.  Fuel  Cost. — -The  influence  of  location  must  be  con- 
sidered in  conjunction  with  other  influences,  the  principal 
one  of  these  being  the  price  to  be  paid  for  fuel ; we  mention 
this  first  because  it  is  the  largest  and  most  important  influ- 
ence. It  is  evident  that  location  is  the  all-determining 
influence  of  fuel  cost,  as  an  engine  located  in  the  coal-mining 
districts  may  be  selected  wholly  with  reference  to  low  first 
cost,  owing  to  the  low  fuel  cost,  while  with  an  engine 
located  in  the  iron-  and  copper-mining  districts  the  first 
cost  is  a comparatively  insignificant  item  if  the  power 
requirement  is  large,  owing  to  the  high  price  of  fuel.  This 
is  not  only  true  of  the  mining  industries,  but  of  all  uses  to 
which  the  steam  engine  can  be  put.  In  the  New  England 
States  the  cost  of  steam  coal  is  about  $3.50  per  ton. 
Many  of  the  installations  are  large,  and  here  we  find  the 
best  types  of  large  economical  steam  engines.  In  many 
instances,  the  location  is  very  remote  from  any  source  of 
supply  or  repair,  which  fact  conduces  to  the  selection  of 
more  simple  machines,  subject,  however,  to  other  conditions. 

63.  Cost  of  Transportation. — The  cost  of  transporta- 
tion of  large  engines  working  at  a high  ratio  of  expansion 
may  influence  the  selection  in  favor  of  the  smaller  high- 
speed engine.  A peculiar  condition  of  transportation,  due 
to  location,  is  frequently  met  in  the  Western  mountainous 
districts,  where  it  is  required  to  install  an  engine,  usually  for 
mining  and  metallurgical  purposes,  subject  to  the  condition 
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that  no  piece  shall  weigh  more  than  500  pounds,  the  reason 
for  this  being  that  the  parts  must  be  transported  on  mule  back 
through  dangerous  and  difficult  mountain  passes.  The  sim- 
plest types  of  engines  working  without  expansion  and  ingen- 
iously divided  into  a number  of  parts  determined  by  the 
size  of  the  machine  are  usually  chosen  for  these  locations. 
Even  here  the  item  of  fuel  cost  enters,  which,  with  perhaps 
even  the  water  supply,  must  also  be  transported  in  a simi- 
lar manner  as  the  engine  parts;  hence,  high-grade  engines 
working  expansively  have  sometimes  been  chosen.  It  is 
almost  needless  to  say  that  the  first  cost  of  such  an  engine  is 
quite  high,  and  that  it  taxes  the  skill  of  the  designer  and 
builder  to  the  utmost  to  produce  it. 

64.  Existing’  Conditions. — There  are  other  conditions 
that  follow  as  a natural  result  of  location  and  which  are  not 
dependent  on  the  cost  of  fuel  or  transportation,  but  which, 
to  some  extent,  go  far  in  determining  the  type  of  engine. 
Existing  conditions  at  any  given  location  may  fix  the  type  of 
machine,  as  steam  pressure  available,  speed  desired,  and 
feasible  method  of  coupling,  and  the  availability  of  condens- 
ing feedwater.  The  demands  of  the  particular  service  may 
require  a special  type  of  engine  and  frequently  a machine  of 
special  and  peculiar  construction  to  meet  the  demands  of 
peculiar  local  conditions,  such  as  size  and  height  of  buildings. 


INFLUENCE  OF  FIRST  COST. 

65,  The  item  of  first  cost  is  probably  the  first  to  enter 
the  deliberations  of  the  constructing  engineer  and  purchaser 
and  throughout  the  determination  stands  out  as  a condition 
against  which  all  other  elements  of  the  determination  are 
weighed.  Whether  it  be  given  first  place  or  made  second  to 
the  cost  of  fuel  depends  in  a great  measure  on  the  amount 
of  power  demanded  in  proportion  to  the  quantity  of  finished 
product.  When  the  outlay  for  fuel  is  small  compared  with 
other  running  expenses,  due  to  a small  demand  for  power  in 
the  particular  industry,  low  first  cost  may  prevail;  but,  on 
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the  other  hand,  if  the  power  requirements  are  large,  even 
though  the  price  of  fuel  is  moderate,  the  saving  in  fuel 
will  soon  overrun  the  interest  and  extra  depreciation 
charges  against  the  engine  high  in  first  cost,  but  economical 
in  the  use  of  steam.  Where  a large  amount  of  power  is 
required,  even  though  the  cost  of  fuel  is  low,  if  no  other  con- 
ditions'enter  the  problem,  such  as  remote  location  from  any 
source  of  supply  or  facilities  for  repair  or  if  the  labor  obtain- 
able is  untrustworthy  or  incompetent  to  work  an  efficient 
installation  economically,  it  will  generally  be  a wise  invest- 
ment to  install  the  high-grade  slow-running  engine,  taking 
advantage  of  wateE  for  condensation  if  possible  and  com- 
pounding if  available  steam  pressures  are  not  too  low  for 
good  results. 


INFLUENCE  OF  FUEL  COST. 

6G.  Iiitrodiiction. — As  was  pointed  out  in  Art.  65,  the 
selection  of  an  engine  is  to  a great  extent  determined  either 
by  the  first  cost  or  the  cost  of  fuel.  It  must  be  understood 
that  for  special  services  and  extraordinary  locations  and  con- 
ditions, special  engines  must  be  designed  to  meet  the  con- 
dition, and  to  a great  extent  regardless  of  first  cost  or  the 
cost  of  fuel.  These  are  special  cases  and  are  almost  self- 
solving. 

67.  Cheap  Fuel. — When  fuel  is  cheap  and,  as  is  some- 
times the  case,  must  be  burned  to  dispose  of  it,  an  engine  low 
in  first  cost  will  be  the  natural  choice.  This  feature  should 
be  combined  with  simplicity,  and  the  engine  should  be  of 
such  design  as  to  require  as  little  attention  as  possible,  since 
where  cost  of  fuel  is  of  little  or  no  consequence,  the  whole 
steam  plant  is  liable  to  be  neglected  or  left  to  care  for  itself, 
particularly  the  engine.  In  this  case,  one  of  the  single- 
acting  vertical  enclosed-crank  type  of  engine  or  some  similar 
simple  engine  would  be  the  natural  selection. 

68.  Dear  Fuel. — When  the  cost  of  fuel  is  high,  recourse 
must  usually  be  taken  to  every  known  means  for  saving  fuel. 
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The  extent  of  elaboration  in  that  direction  depends  on  the 
price  of  fuel.  The  various  means  and  devices  used  at  the 
engine  to  secure  small  consumption  of  fuel  may  be  briefly 
mentioned,  as  high  steam  pressure  and  multiple  expansion, 
steam  containing  70°  superheat,  and  steam-jacketing.  It 
may  be  mentioned  here  that  superheated  steam  and  steam- 
jacketing  are  agents  working  in  the  same  direction — namely, 
the  reduction  of  initial  cylinder  condensation,  and  where 
one  is  used  the  other  is  superfluous;  thus,  to  steam-jacket 
a high-pressure  cylinder  receiving  steam  of,  say,  50°  F., 
superheat  would  be  a non-paying  investment.  A means  of 
securing  high  economy  in  compound-engine  performance  is 
to  provide  an  efficient  reheating  receiver.. 

Advocates  of  reheating  receivers  claim  as  high  as  10  per 
cent,  gain  by  their  use.  Low-pressure  cylinders  are  fre- 
quently steam-jacketed,  the  pressure  in  the  jackets  being 
reduced  to  about  one-half  the  boiler  pressure.  Many  builders 
will  not  use  jackets  on  low-pressure  cylinders;  the  best 
practice,  however,  favors  their  use.  vSerrating  or  corrugating 
the  outside  of  cylinder  liners  and  jacket  spaces  of  the  heads 
to'  make  them  more  active  is  sometimes  practiced,  as  is  also 
the  polishing  bright  of  surfaces  exposed  to  the  incoming 
steam.  A thorough  system  of  circulation  and  drainage  of 
all  jackets,  as  well  as  means  for  freeing  them  of  accumulated 
air,  are  essential  to  high  economy.  Small  units  should  be 
avoided,  if  possible,  combining  them  into  as  few  large  units 
as  practicable,  since  large  engines  are  generally  more  eco- 
nomical than  small  engines.  All  cylinders,  pipes,  reheaters, 
etc.  should  be  covered  with  a non-conducting  covering. 

G9.  If  condensing  water  is  available,  it  should  be  used  and 
a vacuum  of  not  less  than  3 inches  below  the  indication  of  the 
barometer  should  be  obtained.  If  condensing  water  is  not 
available,  a cooling  tower  may  be  used,  remembering  that  it 
is  not  possible  to  obtain  a vacuum  with  cooling  towers  much 
better  than  G inches  below  the  indication  of  the  barometer. 
A primary  heater  may  be  used  between  the  low-pressure 
cylinder  and  the  condenser  through  which  the  feedwater 
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is  pumped,  thus  extracting  as  much  heat  as  possible  from 
the  steam.  A steam  separator  should  be  used  at  the  throttle 
valves,  returning  entrained  water  to  the  boiler.  All  other 
drains  should  be  trapped  to  an  automatic  receiver  pump  to 
be  returned  to  the  boilers.  Superheated  steam,  if  heated  to 
an  effective  stage,  say  70°  F.  superheat,  requires  poppet 
valves  on  the  high-pressure  cylinder  on  account  of  the  diffi- 
culty experienced  in  oiling  and  keeping  any  kind  of  slide 
valves  tight.  This  type  of  valve  is  somewhat  expensive 
compared  with  other  types  of  valves.  The  superheat  is  so 
reduced  by  the  time  the  steam  reaches  the  low-pressure 
cylinder  of  a compound  engine  that  Corliss  or  gridiron 
valves  may  be  used  on  this  cylinder.  The  degree  of  refine- 
ment to  which  it  will  be  expedient  for  the  engineer  to  go 
must  be  determined  by  the  cost  of  fuel  and  the  amount 
that  the  steam  engine  demands  as  against  the  interest  and 
cost  of  repairs  due  to  this  extra  outlay  to  secure  the  smaller 
outlay  for  fuel. 

70.  The  growing  practice  in  steam  engineering  is  along  the 
lines  of  greater  economy  of  fuel,  and  the  compound  engine 
is  fast  finding  its  way  in  the  coal-mining  districts,  even 
where  the  fuel  is  culm,  which  is  delivered  at  a cost  not 
much  exceeding  50  cents  per  ton.  Assuming  that  engineers 
in  coal-mining  districts  have  found  it  a paying  investment  to 
introduce  high-grade  engines  for  their  purposes,  there  should 
be  little  question  as  to  the  advisability  of  elaboration  in  dis- 
tricts where  the  cost  of  fuel  is  not  uncommonly  eight  times 
higher,  provided  no  other  militating  influences  present 
themselves. 


INFLUEXCE  OF  STEAM  PRESSURE. 

71.  The  steam  pressure  available  maybe  a controlling 
factor  where  an  engine  is  to  be  selected  to  replace  an  old  or 
overloaded  one.  The  steam  pressure  available  is  generally 
the  element  that  determines  whether  an  engine  shall  be  a 
single-cylinder  or  multiple-expansion.  Generally  the  steam 
pressure  should  be  100  pounds  gauge  pressure  for  effective 
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compounding  with  a condenser,  while  135  pounds  should 
be  available  for  compound  non-condensing  engines  and 
160  pounds  for  triple-expansion  condensing  engines.  It  is  a 
matter  of  fact  that  the  compound  condensing  engine  has  such 
an  economical  range  over  wide  variations  of  steam  pressure 
that  it  can  be  proportioned  to  secure  results  approaching  so 
nearly  the  triple-expansion  engine  that  the  additional  outlay 
for  a triple-expansion  engine  is  questionable,  except  for 
special  and  otherwise  favorable  service,  such  as  high-duty 
municipal  pumping  engines,  where  three  cylinders,  each 
actuating  a separate  plunger,  conduce  not  only  to  extreme 
economy  of  steam,  but  to  a steady  flow  of  delivery  water, 
thus  avoiding  shocks  on  both  pumping  machinery  and 
delivery  mains. 


INFLUENCE  OF  DURATION  OF  SERVICE. 

72.  By  duration  of  service  is  often  meant  the  life  of 
the  engine  for  useful  work.  It  frequently  happens  that 
machinery  is  installed  for  the  purpose  of  developing  a 
doubtful  industry  or  on  speculation,  when  the  measure  of 
the  doubt  will  be  the  controlling  influence  in  determining 
the  degree  of  efficiency  and  first  cost  of  the  engine.  Engines 
and  machinery  are  sometimes  sent  to  distant  localities 
or  those  difficult  of  access  to  perform  a service,,  and  the 
expenses  of  transportation  are  such  as  not  to  warrant  their 
return,  for  it  must  be  borne  in  mind  that  when  an  engine 
has  been  used  sufficiently  to  be  called  second  hand,  its  sell- 
ing price  is  reduced  below  its  former  value.  In  such  cases, 
engines  of  low  first  cost,  but  strong,  simple,  and  well  built, 
are  usually  selected.  It  is  manifestly  important  in  such 
cases  that  accident  and  costly  delay  by  breakage  be  pro- 
vided against. 


INFLUENCE  OF  FACILITIES  FOR  REPAIRS. 

73.  While  this  influence  is  usually  not  a strong  or  active 
one,  it  nevertheless  must  be  considered  and  provided  for 
either  in  the  selection  of  the  engine  or  provisions  for  keeping 
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it  in  good  working  order.  This  latter  may  be  accomplished 
by  providing  the  necessary  skilled  labor,  tools,  and  supplies 
or  by  providing  spare  parts  to  replace  such  pieces  as  have 
been  found  by  experience  most  likely  to  break. 

Specifications  for  engines  for  foreign  shipment  frequently 
include  the  following  parts:  1 pair  of  connecting-rod  brasses 
for  each  end  of  rod ; 1 crosshead  shoe ; 1 piston  and  rod 
complete;  1 complete  set  main  and  outboard  bearing  boxes; 
1 eccentric  strap;  1 complete  releasing  gear  with  dashpot, 
if  of  the  releasing-gear  type  of  engine;  1 steam  valve  and 
I exhaust  valve  for  each  engine  or  each  side  of  a compound 
engine.  If  a condensing  engine,  the  following  additional 
parts  are  usually  specified : 1 air-pump  bucket  and  rod ; 
1 air-pump  delivery  deck  with  valve  and  guards  complete; 
1 set  of  India-rubber  valves;  duplicate  sets  of  metallic 
packing  to  be  furnished  and  all  stuffingboxes  designed  for 
the  use  of  fibrous  packing  and  suitable  glands  to  be 
provided. 

74.  While  the  influence  of  facilities  for  repairs  may  in 
many  instances  of  small  and  even  moderate-size  plants  dic- 
tate the  simplest  and  strongest  types  of  steam  engines,  it 
does  not,  in  fact,  obtain  in  the  case  of  large  installations, 
where  the  cost  of  fuel  is  high  or  even  moderate.  The  diffi- 
culty can  be  met  by  providing  either  spare  parts,  facilities 
for  repairs,  or  relay  engines,  and  in  many  of  the  South  Afri- 
can plants  all  three  expedients  have  been  found  desirable. 
Even  with  the  simplest  and  strongest  types  of  engines,  if 
the  facilities  for  repair  are  not  at  hand,  carrying  spare  parts 
is  advisable,  as  accidents  and  defects  are  liable  with  the 
most  carefully  constructed  engines. 


IXFI.UENCE  OF  KIND  OF  EABOTl  OBTAINABLE. 

This  influence  is  one  that  to  a great  extent  is  con- 
trollable, but  the  possibility  of  being  compelled  to  trust  an 
expensive  steam  plant  in  unskilled  hands  even  for  short 
periods,  and  possibly  for  long  ones,  may  have  some  weight 
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in  determining  the  type  of  engine.  High-grade  economical 
engines  generally  require  superior  intelligence  to  maintain 
them  in  that  condition  where  the  item  of  extra  first  cost 
may  be  assured  as  a constant  and  continuing  profitable 
investment.  The  condition  of  the  kind  of  labor  obtainable 
may,  when  other  conditions  operate  against  the  selection  of 
high-grade  engines,  carry  the  choice  to  the  simplest  and 
strongest  types  of  machine,  but  except  in  extreme  cases  it 
is  not  of  sufficient  weight  itself  to  determine  a selection. 


TNFT.ITF.NCK  OF  FXTSTING  ( ONDITIOXS  AXD  PROBABLE 
EXTENSIONS. 

76.  This  influence  has  to  a considerable  extent  been 
dealt  with  in  former  articles,  but  it  will  not  be  out  of  place 
to  retrace  the  subject,  as  it  is  important,  and  a little  fore- 
thought in  this  direction  may  save  a considerable  future 
outlay  with  less  satisfactory  results.  Additional  engine 
power  may  be  obtained  in  many  ways.  One  of  the  sim- 
plest and  least  expensive  practices  is  the  addition  of  a con- 
denser where  condensing  water  is  available,  the  resulting 
increase  of  power  ranging  from  18  to  25  per  cent.,  depend- 
ing on  the  type  of  engine  and  degree  of  vacuum  obtained. 
A good  condenser  should  add  from  ll^-  to  12  pounds  to  the 
mean  effective  pressure.  A jet  condenser  at  average  tem- 
peratures will  require  about  28  times  as  much  injection  or 
condensing  water  as  there  is  steam  to  be  condensed  ; that  is, 
28  pounds  of  water  at  70°  F.  will  be  required  to  condense 
1 pound  of  steam  at  19  pounds  absolute  pressure.  The 
duplex  engine  is  an  excellent  and  efficient  means  of  increas- 
ing power,  as  is  also  compounding  by  adding  a low-pressure 
cylinder  if  condensing  is  practicable,  even  at  the  expense  of 
a cooling  tower.  Another  means  of  increasing  the  power 
and  securing  economy  where  provisions  for  the  duplex 
engine  have  not  been  made  is  by  installing  the  low-pressure 
side  of  a compound  by  means  of  an  entirely  separate  engine 
and  running  them  disconnected.  Such  engines  act  with 
sufficient  precision  for  all  practical  purposes. 


34 


ENGINE  INSTALLATION. 


§ 33 


CONDENSING  OR  NON-C’ONDENSING  ENGINES. 

77.  The  question  of  whether  to  run  condensing  usually 
depends  for  its  answer  on  the  natural  supply  of  cooling 
water  available,  and  frequently  the  supply  of  cooling  water 
determines  the  location  of  the  steam  plant.  This  is  partic- 
ularly true  of  large  installations,  which,  if  in  large  cities, 
are  invariably  on  the  water  front.  There  is  a decided  gain 
by  the  use  of  a condenser,  not  only  in  fuel,  but  in  first  cost, 
as  a condensing  engine  may  be  made,  on  the  average, 
20  per  cent,  smaller  and  almost  20  per  cent,  cheaper  than 
one  not  provided  with  a condenser.  The  cost  of  air  pump 
and  condenser,  if  directly  connected,  the  air  pump  being 
driven  by  the  main  engine,  should  be  about  10  per  cent,  of 
the  cost  of  the  engine  for  average  sizes,  and  should  require 
about  2 per  cent,  of  the  power  of  the  engine  to  drive  it.  If 
an  independent  condenser  is  used,  which  for  many  reasons 
is  the  most  desirable  arrangement,  it  should  cost  about 
15  per  cent,  of  the  cost  of  the  engine,  considering  here 
slow-running  high-grade  engines.  High-speed  and  inferior 
engines  require  condensers  larger  in  proportion,  owing  to 
the  larger  amount  of  steam  used.  For  large  plants,  where 
abundant  natural  water  is  not  to  be  had,  the  cooling  tower 
may  be  used  to  extract  the  heat  from  the  injection  water 
and  to  use  it  repeatedly.  Sometimes  a pond  or  large  pans 
or  tanks  on  the  roof  top  are  devised  for  the  purpose  of 
cooling  injection  water.  Both  of  these  plans  of  cooling 
water  are  slow  and  very  large  areas  are  required  and,  on 
account  of  atmospheric  changes,  are  very  uncertain. 

78.  A number  of  quite  effective  water-cooling  devices 
are  now  being  regularly  manufactured  in  units  as  large  as 
10,000  horsepower.  The  general  principles  of  all  are  the 
same ; they  consist  of  a round  or  rectangular  tower  so  devised 
that  the  delivery  water,  which  the  air  pump  delivers  to  the  top 
of  the  tower,  in  its  descent  is  divided  into  the  greatest  possi- 
ble number  of  sprays  or  films ; an  artificial  current  of  air  trav- 
erses the  surface  of  the  water,  extracting  the  heat  from  it  and 
rendering  it  sufficiently  cool  for  service  as  injection  water. 
These  towers,  as  now  constructed,  do  not  require  much  floor 
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space,  a 300-horsepower  tower  occupying  a space  of  8 feet 
X 12  feet.  Self-cooling  condensers  have  also  been  used  to 
avoid  steam  plants  becoming  a nuisance  in  thickly  populated 
city  districts,  by  virtue  of  the  suppression  of  all  exhaust 
noises,  although  the  law  allows  an  industry  to  make  as  much 
noise  as  is  reasonable  and  unavoidable  in  the  pursuance  of  its 
processes.  The  cost  of  fuel  usually  dictates  the  policy  in  regard 
to  cooling  towers.  If  a natural  water  supply  is  available, 
it  should  be  taken  advantage  of  for  economical  reasons.  The 
jet  condenser  is  the  favorite  for  all  land  purposes  on  account 
of  its  low  first  cost  as  compared  with  surface  condensers. 


ONE  LARGE  ENGINE  OR  .SMALL  UNITS. 

79.  This  is  a problem  not  only  demanding  large  expe- 
rience and  most  careful  study  of  the  details,  but  it  also 
demands  a broad  and  comprehensive  investigation  regard- 
ing future  conditions.  The  conclusion  to  put  in  one  large 
unit  is  too  frequently  jumped  at.  Generally  the  fewer  units 
there  are,  the  more  economical  will  be  the  plant;  but  the 
condition  of  service  goes  far  to  determine  the  selection  in 
this  respect.  In  many  industries  departments  require  the 
use  of  power  only  a short  time  or  at  intermittent  periods 
during  the  day,  and  frequently  demand  widely  varying 
speeds  for  best  effect;  they  also  frequently  require  to  be 
operated  overtime  or  all  night.  Long-distance  transmission 
is  also  involved.  In  such  cases  it  will  often  be  found  that 
subdivided  power  will  give  the  best  results  and,  as  a matter 
of  fact,  some  large  industries  in  the  New  England  States 
formerly  driven  by  one  large  single  unit  have  adopted  the 
scheme  of  subdivided  power,  dividing  a single  1,400  horse- 
power unit  into  40  smaller  units  of  varying  power.  The 
high  efficiency  of  electricity  as  a power-transmitting  medium 
has  done  much  to  solve  the  problem  of  transmission  to 
remote  and  difficult  points  and  has  also  contributed  to  the 
existence  of  large  single  units ; but  these  units  should  not  be 
so  large  that  they  will  be  run  underloaded,  for  an  underloaded 
engine  is  about  as  poor  an  investment  as  can  well  be  imagined. 
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80.  Purpose  of  Engine  Foundations.  — One  of  the 
most  important  items  in  the  installation  of  engines  is  to 
provide  a suitable  foundation,  not  only  in  order  to  rigidly 
support  the  machine,  but  also  to  absorb  the  jars  and  shocks 
due  to  its  reciprocating  motion,  because  if  these  are  not 
absorbed,  it  will  result  in  injury  to  the  engine  in  question 
and  also  to  adjacent  property,  such  as  other  foundations, 
walls,  and  structures  of  any  kind  resting  on  the  adjacent 
soil. 

81.  Supporting  Power  of  Soils. — The  foundation, 
besides  having  sufficient  mass  to  absorb  vibrations,  should 
be  spread  out  over  sufficient  area  to  prevent  settling. 
Accepted  figures  for  the  supporting  power  of  various  soils 
range  from  1 ton  per  square  foot  for  soft  clay  to  5 tons  per 
square  foot  for  compact  sand  bottom,  while  200  tons  per 
square  foot  is  given  as  the  supporting  power  of  hard  rock 
in  thick  strata. 

S2,  Depth,  of  Foundations. — The  depth  of  a founda- 
tion will  vary  with  conditions;  it  should  go  out  far  enough 
below  the  surface  to  be  free  from  the  effects  of  frost  or  the 
influence  of  loads  borne  by  adjacent  grounds.  It  is  rarely 
less  than  4|-  feet  for  small  engines  and  rarely  exceeds  22  feet 
for  the  largest  engines.  A horizontal  slow-speed  engine 
foundation  for  a 40-horsepower  engine  should  be  7 feet  deep; 
a 200-horsepower  engine  foundation  should  be  9 feet  6 inches 
deep;  a 600-horsepower  engine  foundation  should  be  11  feet 
6 inches  deep. 

Different  types  of  engines  require  somewhat  different 
designs  for  their  foundations;  experience  has  been  and  is 
the  only  teacher  in  this  subject. 

83.  Absorption  of  Vibrations.  — High-speed  engines 
stop  and  start  the  reciprocating  parts  many  times  a minute, 
and  hence  set  up  severe  vibrations,  which  must  be  absorbed 
by  the  foundations.  In  many  engines  of  this  type  very 
careful  counterbalancing  is  used  to  balance  the  reciprocating 
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parts  in  the  horizontal  direction;  this,  however,  leaves  the 
counterbalance  unbalanced  in  the  vertical  direction.  This 
balancing  in  horizontal  engines  tends  to  prevent  the  engine 
sliding  lengthwise  upon  its  foundation,  while  in  the  vertical 
engine  the  revolving  counterbalance  tends  to  slide  the 
engine  upon  its  foundation  in  a horizontal  plane,  and  the 
foundation  in  either  case  must  be  of  sufficient  mass  to 
absorb  the  vertical  and  horizontal  forces,  since  engine  fra- 
mings and  subbases  rarely  have  sufficient  mass  to  absorb 
vibrations.  When  engines  are  on  the  upper  floors  of  a build- 
ing, the  scheme  of  suspending  a very  heavy  mass  underneath 
the  floor,  but  rigidly  bolted  through  to  the  engine  base,  and 
thus  making  virtually  a foundation  suspended  in  air,  has 
'proven  effective  in  preventing  all  vibrations.  Care  must  be 
exercised  in  placing  engines  upon  solid  rock  that  some  elas- 
tic medium,  as  layers  of  wood  and  hair  felt,  is  used  between 
the  machine  and  the  rock  to  prevent  vibration  of  the  engine 
being  transmitted  to  adjacent  property. 

84.  Foundation  for  Vertical  Cross- Coini>onnd 

Engine. — In  a vertical  two-crank  high-speed  engine  hav- 
ing the  cranks  placed  opposite  each  other,  the  vertical 
forces  act  to  vibrate  the  machine  in  a vertical  plane  parallel 
to  the  crank-shaft.  Such  foundations  should  be  designed 
with  footings,  as  a and  Fig.  1,  relieving  the  center  of  the 
foundation  and  thus  preventing  any  tendency  to  rock  on  a 
central  bearing.  Fig.  1 gives  the  general  foundation  dimen- 
sions for  a 700-horsepower  vertical  cross-compound  engine 
running  at  100  revolutions  per  minute. 

85.  Comi>arison  of  Foundations  for  Vertical  and 
Horizontal  Engines. — Horizontal  engines  usually  occupy 
so  much  space  in  a horizontal  plane  that  the  supporting 
power  of  the  soil  will  be  very  much  above  the  load  if  the 
foundation  is  made  as  small  as  possible — that  is,  if  the  bolt 
holes  through  the  capstones  are  (3  inches  from  the  center  of 
hole  to  the  edge  of  the  stone  for  a 1-inch  bolt  and  10  inches 
for  a 3-inch  bolt.  There  should  be  4 to  8 inches  of  masonry 
outside  the  capstone,  and  if  the  sides  are  carried  down 


38 


ENGINE  INvSTALLATION. 


§ 33 

straight,  sufficient  bearing  area  will  be  covered,  except  in 
cases  of  alluvial  soil.  Vertical  engines,  owing  to  the  small 


horizontal  space  required,  should  have  deeper  foundations 
than  horizontal  engines,  and  to  secure  sufficient  bearing  area, 
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the  sides  may  be  battered  to  any  desired  extent.  Bearing 
surface  for  vertical  engines  should  be  carefully  calculated 
with  reference  to  the  nature  of  the  supporting  soil,  inclu- 
ding, of  course,  the  weight  of  the  foundation  itself  as  well 
as  the  engine  that  it  supports. 

86.  Foundation  Material. — The  material  of  which  a 
foundation  is  made  depends  very  much  on  the  location  and 
the  kind  of  material  available.  Brick  is  the  most  common 
material;  dressed  stone  laid  in  cement  mortar  is  sometimes 
used;  concrete  is  growing  in  favor  for  engine  foundations. 
When  brick  is  used,  it  should  be  first  quality  hard  brick  laid 
in  Portland  cement  mortar;  lime  mortars  are  not  suitable 
for  engine  foundations  on  account  of  their  tendency  to  dis- 
integrate under  vibration.  Stone  foundations  should  also 
be  laid  in  cement  mortar. 

Foundations  of  concrete  are  coming  more  into  use;  they 
are  constructed  by  first  providing  a level  and  suitable  foot- 
ing upon  which  a casing  of  timber,  embracing  the  outlines 
of  the  foundation,  is  built.  This  is  open  at  the  top  and  bot- 
tom. The  foundation  bolts  are  suspended  in  pipes,  old 
boiler  tubes,  or  wood  launders,  leaving  a space  of  at  least 
1 inch  all  around  the  bolt;  successive  layers  of  cement  con- 
crete are  thrown  in  and  well  rammed  until  the  desired 
height  is  reached. 

87.  Founclation  Footings. — Foundation  footings  are 
in  some  cases  required,  most  frequently  on  the  water  front, 
where  it  is  necessary  to  go  many  feet  deep  to  find  a suffi- 
ciently hard  bottom  to  support  the  load.  This  is  accom- 
plished most  commonly  by  piling,  which  consists  of  driving 
long  sticks  or  timbers,  as  <?,  Fig.  2,  down  to  hard  bottom, 
placing  them  2^  to  4 feet  apart  from  center  to  center. 
A timber  grating  b is  fastened  to  the  tops  of  the  piles  and  a 
layer  of  concrete  d is  deposited.  Planking,  as  V,  r,  is  some- 
times put  on  the  framing,  which  distributes  the  pressure, 
but  it  is  considered  objectionable,  as  it  prevents  any  connec- 
tion between  the  superstructure  and  the  concrete  and 


40 


ENGINE  INSTALLATION. 


§33 


increases  the  liability  of  sliding.  The  space  between  the 
piles  is  frequently  filled  with  rubble,  clay,  or  concrete,  and 
upon  this  footing  the  foundation  proper  is  built.  A properly 
driven  pile,  well  supported  against  lateral  flexure,  may 
bear  from  one-eighth*  to  one-tenth  the  crushing  load,  which 


varies  between  5,700  and  8,500  pounds  per  square  inch.  A 
pile  7 inches  in  diameter  will  bear  about  12  tons.  A pile 
can  support  a load  of  25  tons  when  it  refuses  to  move  more 
than  f inch  under  thirty  blows  of  a monkey  weighing 
1,200  pounds  and  falling  4 feet. 

88.  When  rock  is  struck  at  a high  level,  special  footings 
to  prevent  vibration  must  be  constructed.  An  underlying 
stratum  of  timber  or  rubble  or  of  both  has  been  tried  with 
questionable  success;  a layer  of  2 or  3 feet  of  sand  con- 
strained laterally  by  a casing  to  prevent  displacement  has 
proved  quite  effective.  The  sand  is  also  filled  in  around  the 
sides  of  the  foundation  block.  A heavy  layer  of  asphalt  is 
also  effective  in  breaking  engine  vibrations  before  they  reach 
the  transmitting  rock  upon  which  the  foundation  is  built. 

89.  Capstones. — Brick  and  dressed  stone  foundations 
usually  require  capstones  to  make  a good  job.  These  are 
usually  granite  and  vary  in  thickness  from  8 to  24  inches. 
Concrete  foundations  usually  require  no  capstones.  Instead 
of  capstones,  cast-iron  sole  plates  are  sometimes  used.  They 
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are  usually  thin,  about  I or  1 inch  thick,  with  an  upturned 
ledge  around  the  top  to  keep  oil  from  the  foundation  and 
sufficient  ribs  below  to  give  stiffness  to  the  plate,  and  are 
provided  with  raised  planed  facings  to  match  the  engine 
parts.  They  are  not  more  expensive  than  good  capstones 
and  are  a superior  job.  Every  precaution  should  be  taken 
to  keep  oil  from  reaching  the  foundations,  as  it  will  dissolve 
the  cement. 

90.  Many  erecting  engineers  make  a practice  of  setting 
the  capstone  for  the  outboard  bearing  from  ^ to  ^ inch 
lower  than  the  actual  figures  called  for  and  shim  up  the  sole 
plate  with  wrought-iron  strips  or  plates,  the  contention 
being  that  if  the  stone  is  set  low  the  bearing  can  be  shimmed 
up,  but  if  a little  too  high  it  is  a difficult  matter  to  do 
anything  with  it  but  to  chip  off  the  top  or  take  it  lip  and 
reset  it. 

91.  Foundation  Bolts  and  Wasliers. — The  bolts  are 
always  made  of  wrought  iron,  and  should  be  of  good  quality, 
as  Burden’s  best-best,  Catasauqua,  or  some  equivalent  brand. 
Foundation  bolts  are  usually  made  in  length  nearly  the  full 
depth  of  the  foundation,  and  in  important  work  they  are 
made  upset,  that  is,  the  threaded  portion  is  made  enough 
larger  in  diameter  that  the  bottom  of  the  thread  is  still  a 
little  larger  than  the  body  of  the  bolt.  By  this  means  the 
stretch  due  to  the  pull  on  the  bolt  is  distributed  over  the 
long  body  and  not  only  over  the  threads,  as  would  be 
the  case  if  the  thread  were  cut  on  a rod  of  uniform  diam- 
eter. Foundation  bolts  vary  in  diameter  from  inch  in 
small  engines  to  4 inches  in  the  largest  types  of  land 
engines. 

Q2,  Foundation  washers  are  commonly  made  of  cast 
iron,  but  for  small  engines  wrought-iron  plates  from  f to 
f inch  thick  are  used.  In  many  locations  it  is  not  possible 
to  provide  pockets  for  access  to  the  foundation  washers;  in 
such  cases  it  is  the  best  practice  to  provide  cast-iron 
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washers  a,  Fig.  3.  With  this  style  of  foundation  washer  it 
is  possible  to  adjust  the  bolts  to  any  desired  height,  or  even 

to  remove  them  and 
replace  them  at  will. 
-Beafp/a/e.  Some  builders  make  a 

practice  of  tapping  the 


Tap  /)o/e  for  eye  do// 
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top  of  the  foundation 
bolt  for  an  eyebolt  to 
facilitate  lifting  or 
lowering  the  bolt  in 
place. 

93.  In  large  work 
it  is  quite  important  to 
have  the  foundation 
bolts  removable,  for  if 
they  extend  through 
high  framing  or  high 
bosses,  it  is  necessary 
to  lift  the  castings  over 
the  top  of  the  bolts, 
which  adds  much  to 
the  cost  of  erection. 

94.  With  many  of 
the  mining  companies 
it  is  the  custom  to 

build  foundations  with  pockets  according  to  the  drawing, 
but  omitting  the  holes  for  the  bolts  entirely.  When  the  cap- 
stones are  leveled  and  grouted,  they  lay  off  the  holes  from  the 
castings  and  drill  holes  for  the  bolts  with  a diamond  drill. 
Sometimes  the  engine  is  erected,  lined  up,  and  grouted,  and 
then  the  holes  for  the  foundation  bolts  are  drilled  in  place. 
With  this  arrangement  it  is  essential  in  the  design  of  the 
machine  to  see  that  holes  for  foundation  bolts  are  not  covered 
by  any  part  or  projection  of  the  machine,  or  if  this  cannot  be 
done,  to  provide  a hole  to  pass  the  foundation  bolt  through. 

95.  Foiimlation  Templets. — Foundation  templets  are 
used  for  the  purpose  of  accurately  locating  the  bolts,  bringing 
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them  to  the  proper  height,  and  holding  them  in  position 
while  the  masonry  is  being  built.  They  are  constructed  of 
wood  with  blocks  of  varying  height  to  suit  the  height  of  the 
engine  bosses.  The  center  line  of  the  engine  is  carefully 
marked  on  the  templet  with  correct  relation  to  the  bolts,  and 
at  right  angles  to  it  is  marked  the  center  line  of  the  crank- 
shaft. Suitable  marks  and  dowels  to  facilitate  putting  it 
together,  if  of  such  dimensions  that  it  is  necessary  to  ship  it 
in  sections,  are  also  provided.  The  foundation  bolts  should 
not  be  allowed  to  hang  on  the  templet,  but  rest  on  stone  or 
bricks.  The  bolts,  if  they  have  no  adjustment,  should  be  set 
originally  from  1 to  2 inches  higher  than  required,  as  the 
gradually  increasing  weight  of  the  foundation  will  sink  the 
soil  upon  which  it  was  started,  and  hence  the  bolts  may  not 
project  through  the  engine  casting  unless  this  precaution  be 
taken.  Bolts  when  used  in  pockets  or  box  washers  should  be 
pointed  to  facilitate  entering  the  nut.  Templets  for  out- 
board bearings  or  compound  or  triple-expansion  engines  are 
usually  not  connected,  the  relative  locating  being  done  from 
the  foundation  drawing.  This  work  is  usually  done  by  the 
engine  contractor,  who  sends  only  skilled  men  for  this  duty, 
but  if  not  done  by  the  engine  contractor,  it  should  be  checked 
and  approved  by  him  at  a sufficient  time  before  the  work  of 
erection  commences  to  have  all  defects,  real  or  alleged,  made 
good  satisfactory  to  both  parties. 

96.  Supporting  tlie  Templet. — The  supporting  of  the 
templet  must  be  left  to  the  ingenuity  of  the  erecting  engineer ; 
generally  it  should  be  supported  outside  of  the  foundation, 
but  there  is  no  real  objection  to  building  the  supporting 
posts  into  the  mass  and  sawing  them  off  when  the  foundation 
has  reached  about  18  inches  from  the  top. 

97.  Setting-  the  Templet. — Setting  the  templet  is  a 
simple  matter,  but  it  must  be  carefully  and  exactly  done, 
especially  if  the  engine  is  to  drive  a shaft  by  belt  or  gearing. 
The  first  and  most  important  thing  to  do  is  to  have  the 
templet  exact ; particularly  the  crank-shaft  center  line  must 
be  square  with  the  center  line  of  the  engine.  This  can  be 
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tested  by  measuring  off  from  the  intersection  of  the  two 
lines  C)  feet  on  the  shaft  center  line  and  8 feet  on  the  engine 
center  line  and  adjusting  the  lines  with  their  intersection  as 
an  axis  until  the  hypotenuse  of  the  triangle  measures  exactly 
If)  feet.  Then  having  given  the  templet  the  correct  relative 
position  and  the  correct  levels,  the  only  remaining  thing  to  do 
is  to  set  the  center  line  of  the  crank-shaft  parallel  to  the 
line  shaft  or  its  established  line.  This  can  be  done  by  plumb- 
ing down  from  or  to  the  line  shaft  and  measuring  at  both 
extremities  of  the  crank-shaft  center  line  from  that  line  to 
the  plumb-lines.  Some  mechanics  establish  the  center  lines 
of  the  engine  and  the  crank-shaft  by  stretching  the  lines 
considerably  above  the  templet  height  and  set  the  templet 
from  these  lines  by  plumbing  down.  It  is  not  a very  easy 
matter  to  stretch  two  lines  in  the  air  at  exactly  right  angles, 
and  hence  it  is  a better  plan  to  have  the  lines  on  the 
templet  and  exactly  right,  and  then  to  work  to  the  crank-shaft 
line  as  the  most  important  one.  Having  properly  set  the 
templet,  the  bolts  are  passed  down  through-the  holes  and  the 
washers  and  nuts  put  into  place.  Each  bolt  must  rest  on  a 
large  stone  slab.  Old  pipe  or  wooden  boxes  should  be  put 
around  the  bolts  to  allow  considerable  lateral  adjustment  of 
the  bolts. 

98.  Placing  tlie  Engine. — When  the  foundation  is  built 
up  to  within  2 feet  of  the  top,  the  templet  is  removed  and 
the  top  of  the  foundation  built  and  carefully  leveled  by 
means  of  sensitive  levels  and  straightedges.  If  the  engine 
is  large  and  the  wheel  is  in  halves,  one-half  the  wheel 
should  be  placed  in  the  wheel  pit  first;  then  the  framing, 
outboard  bearing,  and  shaft  may  be  placed  and  finally  the 
cylinders  and  valve  gears.  The  engine  is  leveled  in  a plane 
parallel  with  the  center  line  of  the  shaft  and  cylinder  by 
means  of  sensitive  spirit  levels  and  all  parts  resting  on  the 
foundation  are  wedged  and  shimmed  up.  The  bolts  are 
tightened  down  moderately  and  the  space  between  the  bed- 
plate and  foundation,  which  will  vary  from  ^ to  f inch,  is 
filled  with  grouting. 
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91).  Groiitiiift-. — The  grouting  may  be  made  of  iron  bor- 
ings mixed  with  cement,  sal  ammoniac,  sulphur,  and  water 
in  about  the  following  proportions:  2 parts  of  sal  ammoniac, 
1 part  of  sulphur,  5 parts  of  cement,  and  40  parts  of  iron 
borings  mixed  with  enough  water  to  make  a heavy  paste. 
Sometimes  melted  sulphur  alone  is  used,  but  one  of  the  very 
best  groutings  and  the  most  easily  applied  is  pure  Portland 
cement.  The  rust  joint  must  be  driven  in,  while  the  sul- 
phur and  cement  will  flow  in,  suitable  dams  being  con- 
structed to  constrain  it  to  its  proper  place.  Bolt  holes 
should  be  filled  with  liquid  grouting.  Some  builders  who 
use  box  bedplates  fill  the  entire  bedplate  with  concrete  to 
give  it  solidity  and  to  reduce  the  tendency  to  magnify 
knocks  into  pounds. 

100.  Setting  the  Outboard  Bearing. — The  setting 
and  alining  of  the  outboard  bearing  should  be  carried  along 
with  the  progress  of  the  other  work,  but  its  final  adjust- 
ment is  important  and  should  be  done  last,  by  the  aid  of 
lines  representing  the  center  lines  of  the  cylinder  and  crank- 
shaft. All  outboard  bearings  should  be  provided  with  a 
sole  plate  and  means  for  lateral  adjustment  either  by  screws 
or  wedges,  while  some  are  provided  with  means  for  vertical 
adjustment. 


ELEVATORS. 

(PART  1.) 


GENERAL  DESCRIPTION  OF  ELE- 
VATORS. 


INTRODUCTION. 

1,  Definition. — The  term  eievator  is  applied  to  that 
class  of  hoisting  machinery  in  which  a cage,  cab,  car,  or  plat- 
form is  raised  and  lowered  between  fixed  stops  or  landings. 

2.  Prineipai  Parts. — In  all  complete  elevators  the  fol- 
lowing principal  parts  are  easily  distinguished : 

1.  The  motor. 

2.  The  car  (cage,  cab,  or  platform)  and  its  principal 
guides. 

3.  The  devices  transmitting  power  from  the  motor  to 
the  car. 

4.  The  counterbalance  weights  and  their  guides. 

0.  The  controlling  devices. 

6.  The  safety  devices. 

7.  Accessories. 


MOTORS  AND  CLASSIFICATION. 

3.  Various  kinds  of  motive  power  and,  consequently, 
motors  are  used  to  run  elevators.  In  practice,  the  classifi- 
cation of  elevators  is  made  according  to  the  motive  power 
used.  The  most  generally  accepted  one,  which  is  also  the 
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one  that  we  shall  adopt,  is  as  follows:  Iland-poivcr  eleva- 

tors^ belt  elevators^  steam  elevators,  electric  elevators,  and 
hydraulic  elevators. 


CARS  AND  GUIDES. 

4,  It  is  evident  that  elevator  cars  must  be  different  for 
various  purposes.  All  of  them,  however,  have  a platform 
upon  which  the  load  rests,  and  with  few  exceptions,  as 
in  sidewalk  elevators,  two  upright  posts  connected  by  a 
crosslieacl  to  which  the  ropes  are  attached.  Each  upright 
carries  two  ^yiiule  slioes,  one  on  top  and  one  on  the  bottom, 
which  fit  over  the  guides.  The  latter  consist  either  of 
hardwood  strips  of  square  cross-section  or  bars  of  T iron 
carried  up  inside  the  hoistway  and  attached  to  suitable  sup- 
ports. According  to  the  location  of  the  elevator  shaft  in 
the  building  and  the  accessibility  of  the  guides,  they  are 
placed  either  in  the  center  of  two  opposite  sides  of  the  shaft 
or  in  two  diametrically  opposite  corners,  necessitating  the 
upright  posts  of  the  cars  to  be  placed  in  like  manner  with 
reference  to  the  platforms.  In  the  first  case  they  are  called 
side-post  elevators ; in  the  other  case,  eoriier-post  ele- 
vators. The  guide  shoes  are  usually  of  cast  iron,  and  in 
the  case  of  iron  guides  are  lined  with  Babbitt  metal. 

For  freight  service  the  cars  are  of  the  simplest  kind;  they 
are  generally  made  of  wood  with  iron  fixtures  and  bracings. 
For  passenger  service  a complete  cage  is  built  upon  the 
platform,  preventing  any  possible  contact  of  the  passenger 
with  the  hoistway.  Passenger  cars  are  now  mostly  built 
wholly  of  metal,  though  many  wooden  ones  are  in  opera- 
tion. Various  styles  of  cars  are  shown  in  subsequent 
illustrations. 


TRANSMITTIXG  DEVICES. 

5.  Various  transmitting  devices  are  used  with  different 
kinds  of  motive  power.  Hydraulic  elevators  and  a certain 
electric  elevator  have  peculiar  transmitting  devices  of  their 
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own,  which  will  be  described  in  connection  with  these  ele- 
. vators.  All  belt  and  steam  elevators  and  the  majority  of 
hand  and  electric  elevators  are  of  the  drum  type,  that  is, 
of  a type  in  which  the  transmitting  devices  include  a drum 
and  rope.  All  these  elevators,  therefore,  have  certain  pecu- 
liarities in  common,  which  are  pointed  out  beforehand  to 
avoid  repetition. 

6.  Side  Travel  of.  Ropes  In  Drum  EleAmtors. — An 
inherent  feature  of  the  rope-and-drum  drive  is  the  deflection 
of  the  rope  as  it  winds  upon  the  drum.  Let  Fig.  1,  be 
the  winding  drum  and  A the  nearest  sheave  from  which  the' 


rope  passes  on  to  the  car.  It  is  plain  that  only  at  a certain 
position  of  the  car  the  rope  runs  over  the  sheave  exactly 
straight;  in  all  other  positions  it  must  be  guided  into  the 
sheave.  If  the  distance  between  the  drum  and  the  nearest 
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sheave  is  great,  as,  for  instance,  when  the  rope  passes 
straight  up  from  a drum  located  at  the  foot  of  the  hoistway 
to  an  overhead  sheave,  the  deflection  measured  by  the 
angle  Fig.  1,  is  but  small  and  readily  taken  care  of  by 
the  depth  of  the  grooves  in  either  sheave  or  drum.  But 
if  the  distance  is  small,  danger  exists  that  the  rope  will  jump 
the  grooves  of  the  drum  and  “ride”  on  itself,  which  may 
evidently  cause  accident.  Such  small  distances  between 
the  drum  and  the  nearest  sheave  are  frequently  unavoidable. 
Thus,  in  the  case  shown  by  Fig.  2,  where  it  is  required  that 
the  ropes  of  both  the  car  and  the  counterweight  shall  run 
within  the  hoistway,  the  hoisting  rope  must  be  led  over  an 
idler  5 very  near  the  drum  and  the  counterweight  rope, 
in  the  case  shown,  will  surely  “ ride  ” if  no  provision  be  made 
against  it.  These  idlers  are,  therefore,  so  mounted  on  their 
shafts  that  they  can  follow  the  ropes  as  they  wind  upon  and 
unwind  from  the  drums.  Such  a traveling  idler  is  some- 
times spoken  of  as  a vibrator.  In  most  cases  it  is  found 
sufficient  to  mount  the  idler  loosely  on  a smooth  shaft  and 
to  rely  on  the  pressure  of  the  rope  against  the  sides  of  the 
groove  in  the  idler  to  shift  the  latter  along.  That  careful 
lubrication  is  essential  to  the  proper  working  of  this  arrange- 
ment is  evident. 

7.  The  constant  chafing  of  the  rope  against  the  sides  of 
the  idler  groove,  which  is  unavoidable  in  the  arrangement 
just  mentioned,  is  an  objection,  and  if  considered  of  suffi- 
cient influence  on  the  life  of  the  rope,  is  avoided  by  giving 
the  idler  a positive  motion  in  the  direction  of  its  shaft. 
Figs.  3 and  4 show  two  ways  of  accomplishing,  this. 

In  Fig.  3,  the  idler  shaft  a is  connected  to  the  drum  shaft 
by  a chain  and  sprocket  wheels,  the  hub  of  the  Sprocket 
wheel  b on  the  idler  shaft  being  a nut  fitting  over  a square 
thread  cut  on  the  shaft  and  being  held  from  moving  side- 
wise.  This  causes  the  shaft  to  move  in  the  direction  of  its 
axis,  a feather  preventing  it  from  rotating.  The  idler  c 
turns  loosely  on  the  shaft,  but  moves  back  and  forth  with  it. 
due  to  collars  on  the  shaft. 
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8.  In  the  arrangement  shown  in  Fig.  4,  the  chain  connec- 
tion is  dispensed  with.  The  idler  shaft  a is  threaded  but  is 
held  stationary,  and  the  idler  hub  is  a nut,  so  that  while  the 
idler  revolves  by  the  friction  of  the  rope  it  travels  back  and 
forth.  Since  there  is  no  positive  connection  between  the 
drum  shaft  and  the  idler  shaft,  any  slippage  of  the  rope  on 
the  idler  Avill  bring  the  arrangement  out  of  adjustment. 
For  this  reason  the  following  plan  for  automatic  readjust- 
ment Avas  adopted  by  the  Otis  Elevator  Company. 


The  idler  is  provided  Avith  stop  screAvs  c and  c'  that 
engage  at  the  end  of  the  travel  Avith  fixed  stops  d on  the 
shaft  supports.  If  for  any  reason  slippage  has  occurred  and 
the  idler  lags  behind,  it  Avill  be  ahead  of  the  rope  on  the 
folloAving  return  trip  and  engage  the  stop  on  the  shaft 
support  before  the  drum  comes  to  rest;  the  idler  being  thus 
prevented  from  turning,  the  rope  Avill  slip  until  the  drum 
stops;  on  the  folloAving  trip  the  idler  Avill  leave  the  stop  at 
once  and,  thus  readjusted,  Avill  folloAV  the  rope  correctly. 
To  alloAv  of  a fine  initial  adjustment,  the  idler  has  eight 
spokes,  each  drilled  and  tapped  to  receive  the  screAv 
stops  r,  c’ . 
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9.  Absorption  of  Vibration  Due  to  Gearing^. — An 
inherent  feature  of  all  drum  elevators  is  a certain  amount  of 
unpleasant  vibration  transmitted  from  the  gearing  through 
the  drum  and  hoisting  rope  to  the  car.  This  vibration  is 
especially  noticeable  in  spur-geared  machines;  but  it  also 
exists  in  worm-geared  ones,  owing  to  the  fact  that  a certain 
amount  of  backlash,  be  it  ever  so  little,  always  exists.  To 
reduce  these  vibrations  to  a minimum,  elastic  buffers,  gen- 
erally of  rubber,  are  sometimes  interposed  between  the 
drum  and  the  next  adjacent  gear.  Fig.  5 shows  a way  in 


which  this  may  be  done.  The  gear-wheel  a is  keyed  to  the 
shaft,  while  the  drum  h is  loose.  The  gear-wheel  drives  the 
drum  by  means  of  drivers  r,  r,  which  are  cast  in  one  with 
the  gear-wheel.  These  drivers,  instead  of  butting  directly 
against  metallic  surfaces  of  the  drum,  butt  against  rubber 
blocks,  or  buffers,  d.  These  buffers  must  be  given  a cer- 
tain amount  of  initial  tension,  which  is  accomplished  by 
the  tie-bolts  r,  e that  tie  the  drum  and  the  gear-Avheel 
together.  The  end  view  shown  in  Fig.  5 is  taken  between 
the  gear-wheel  a and  the  drum  which  accounts  for  the 
fact  that  while  the  drivers  r,  c are  seen,  the  gear-wheel  is 
absent.  The  tie-bolts  must  have  jam  nuts  or  some  other 
efficient  nut-locking  device,  which  should  be  examined 
occasionally  to  see  if  the  bolts  have  become  slack. 
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COUNTERBALANCING. 

10.  In  any  elevator,  the  weight  of  the  car  and  its  fix- 
tures is  constant,  and  hence  is  easily  counterbalanced  to 
any  extent  desired.  The  sim- 
plest way  to  do  this  is  to  attach 
another  rope,  besides  the  hoist- 
ing rope,  to  the  car,  leading 
this  second  rope  over  one  or 
more  overhead  sheaves  and 
suspending  from  it  the  counter- 
balance weight,  or  the  conn- 
terweig;lit,  as  it  is  generally 
called,  as  shown  in  the  dia- 
grammatic illustration  given 
in  Fig.  6.  In  order  that  the 
car  may  descend  when  empty, 
the  counterweight  must,  when 
so  attached,  always  be  less 
than  the  weight  of  the  empty 
car  with  its  fixtures.  Evi- 
dently, with  such  an  arrange- 
ment, no  power  is  needed  for 
the  down  trip  of  the  car,  while 
on  the  up  trip,  the  motor  must 
develop  enough  power  to  raise  the  maximum  load,  plus  the 
unbalanced  weight  of  the  car.  In  all  types  of  elevators  in 
which  the  motor  furnishes  power  only  on  the  upward  trip  of 
the  car,  as  in  hydraulic  elevators,  for  instance,  the  arrange- 
ment shown  in  Fig.  G is  the  only  method  of  counterbalan- 
cing available. 


Counteme/^hf 


Fig.  0. 


11.  If  in  an  elevator  the  power  can  be  applied  during 
the  down  trip  as  well  as  during  the  up  trip,  then  not  only 
the  full  weight  of  the  car  can  be  counterbalanced,  but  also  a 
part  of  the  load.  An  elevator  thus  counterbalanced  is  said 
to  be  overbalanced.  This  possibility  exists  in  all  drum 
elevators,  as  the  motor  and  drum  are  reversible.  They  are, 
therefore,  overbalanced,  except  when  other  considerations 
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make  it  undesirable,  to  the  extent  of  the  average  load  by 
attaching  the  counterweight  to  the  drum  and  winding  the 
rope  in  an  opposite  direction  to  that  of  the  hoisting  rope,  as 
shown  in  Fig.  7. 

The  advantage  of  overbalancing  is  easily  apparent.  If 
the  load  on  the  car  is  equal  to  the  average  load,  no  power  is 


o 


W 

Fig.  7. 

needed  besides  that  necessary  to  start  the  machinery  and 
keep  it  moving  against  frictional  resistances.  If  the  load  is 
equal  to  the  maximum  load  and  the  car  is  going  up,  the 
motor  must  furnish  power  enough  to  raise  the  difference 
between  the  maximum  and  the  average  load;  or  if  the  latter 
is  one-half  the  maximum  load,  to  raise  one-half  of  the  maxi- 
mum load.  If  the  car  is  going  down  empty,  which  is  the 
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other  extreme  possibility,  the  motor  must  raise  the  counter- 
Aveight,  that  is,  the  weight  of  the  average  load.  Thus  a 
motor  can  be  used  of  greatly  smaller  capacity,  which  means 
smaller  size,  less  Aveight,  and  smaller  cost.  In  connection 
AA’ith  electric  drum  elevators,  overbalancing  also  tends  to 
equalize  the  current  consumption. 

12,  By  an  arrangement  someAvhat  different  from  that 
shoAvn  in  Fig.  7,  the  stress  in  all  the  ropes  and  the  pressure 
on  the  drum -shaft  bearings  may  be  diminished.  In  Fig.  8 


Fig.  8. 


there  are  shoAvn  tAVO  counterAveights,  one  attached  directly 
to  the  car  and  the  other  to  the  drum.  The  car  counter- 
Aveight  must  evidently  be  less  than  the  Aveight  of  the  car  in 
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order  to  allow  the  car  to  descend  when  empty;  the  other 
counterweight  is  equal  to  the  remaining  portion  of  the 
car  weight  plus  the  average  load.  If  the  car  counter- 
weight is,  for  instance,  one-half  of  the  car  weight, 
then  the  stress  in  the  drum-counterweight  rope  and  the 
hoisting  rope  is  less  than  in  the  arrangement  shown  in 
Fig.  7 by  one-half  of  the  weight  of  the  car,  and  the  pres- 
sure on  the  drum-shaft  bearings  is  less  by  the  whole 
weight  of  the  car. 


13.  For  high  lifts,  the  weight  of  the  ropes  themselves  is 
a considerable  item,  making  the  counterbalancing  change 
for  different  positions  of  the  car.  To  avoid  this,  balancing 
chains  having  the  same  weight  as  the  ropes  to  be  balanced 
are  used  and  are  hung  from  the  bottom  of  the  car,  either 
reaching  all  the  way  down  to  the  bottom  of  the  hoist- 
way, in  which  case  the  chain  must  have  the  same  weight 
per  unit  of  length  as  the  ropes,  or  reaching  down  only 
to  the  middle  of  the  shaft  and  fastened  there,  in  which 
case  the  chain  must  have  a weight  per  unit  of  length  double 
that  of  the  ropes  to  be  balanced.  This  method  is  indicated 
in  Fig.  7. 

The  ropes  to  be  balanced  here  are  the  hoisting  rope  from 
the  car  to  the  overhead  sheave  and  the  counterweight  rope 
from  the  counterweight  to  the  overhead  sheave,  denoted,  in 
Fig.  7,  by  //and  C,  respectively.  The  former  can  be  bal- 
anced by  a chain  H'  of  equal  weight  and  an  increase  of  the 
counterweight  by  the  same  amount,  while  the  rope  C can 
be  balanced  simply  by  a chain  C . Of  course,  two  chains 


would  be  actually  used,  each  weighing 


//+  C 


14.  All  counterbalancing  means  an  addition  to  the  mov- 
ing masses  of  the  elevator,  which,  again,  means  an  increase 
in  the  power  required  to  set  these  masses  in  motion,  as  well 
as  greater  braking  power  to  stop  them.  These  considera- 
tions make  it  desirable  in  certain  elevator  types  to  forego 
the  advantages  of  overbalancing. 
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COUXTERHALAXCE  AVEIGIITS  AXl)  GUIDES. 

15.  The  eoiinterweift-lits  consist  generally  of  cast- 
iron  blocks  carried  in  a frame  or  on  a rod  or  rods  and 
guided  by  suitable  guideways.  The  blocks  are  made  long 
and  wide,  but  thin,  in  order  that  they  may  take  up  but 
little  room.  In  hydraulic  elevators  the  counterweights  are 
sometimes  attached  to  the  piston  rods,  either  inside  or  out- 
side of  the  hydraulic  cylinder. 

The  counterweight  guides  are  made  of  angle  or  T iron, 
seldom  of  wood. 


COXTKOEEIXG  DEVICES. 

16.  Kinds  of  Controlling:  Devices. — The  controlling 
devices  of  all  elevators  consist  of  a power  control,  that  is, 
means  for  shutting  off,  turning  on,  and  regulating  the 
power  at  will  to  start  and  stop  the  car,  and  some  kind  of  a 
brake,  the  function  of  which  is  to  effect  a prompt  but 
gradual,  and  therefore  safe,  stoppage  of  the  car. 

The  power  control  and  brake  are  essential  parts  of  the 
motor  in  each  case  and  are,  therefore,  located  near  the 
same;  they  are  naturally  different  for  different  kinds  of 
motive  power,  and  will  be  described  at  length  in  connection 
with  the  various  types  of  elevators.  There  is,  however,  with 
respect  to  the  controlling  devices  a certain  feature  common 
to  all. 

Since  most  elevators  are  operated  from  the  movable  car, 
some  flexible  connection  must  exist  between  the  same  and 
the  controlling  devices  on  the  motor.  The  means  for  making 
this  connection,  which  we  will  call  oiierating-’  devices,  are 
either  mechanical  or  electrical.  The  latter  is  used  to  any 
extent  only  with  a certain  kind  of  electrical  elevators,  while 
the  mechanical  connection  is  employed  on  all  types  in  the 
shape  of  a skipper  rope  running  all  the  way  from  the  top 
to  the  bottom  of  the  hoistway  and  either  simply  passes 
through  the  car  or  is  connected  with  some  apparatus  inside 
the  car. 
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17.  Different  Operating  Devices.  — The  simplest 
arrangement  is  a plain  endless  rope  hung  over  one  or  more 
To  Motor  i^iiers  and  attached  to  the  sliix^per  slieave 
or  a lever,  so  that  a pull  either  up  or  down 
on  the  shipper  rope  moves  the  sheave  or 
lever,  which  is  located  on  or  near  the 
motor  and  is  mechanically  connected  to 
the  controlling  devices  of  the  same.  This 
simple  arrangement,  which  is  shown  dia- 


grammatically  in  Fig.  9,  is  open  to  sev- 
eral objections,  one  of  which  makes  its  use 
undesirable  in  connection  with  all  motors 
requiring  a delicate  adjustment  of  the 
controlling  device,  such  as  hydraulic 
motors  controlled  by  a pilot  valve  and 
electric  motors,  inasmuch  as  the  operator 
has  no  means  of  telling  the  exact  posi- 
tion of  the  controlling  device.  An- 
other objection  is  that  there  is  neces- 
sarily a great  deal  of  sliding  of  the 
rope  through  the  hand  of  the  operator, 
which  is  not  only  inconvenient,  but  may 
prove  dangerous  from  broken  strands. 
The  operator  should  provide  himself 
with  a leather  glove  or  use  a piece  of  rubber  hose  split 


To  Cohtr.  Dev'. 
^'"'^Sh/pper  Sheai/e., 
Fig.  9. 


lengthwise. 


18.  In  order  to  overcome  the  objections  to  the  simple 
shipper  rope,  various  devices  have  been  invented  and  put 
into  use.  They  all  have  the  object  of  changing  the 
up-and-down  pull  of  the  rope  into  the  motion  of  a lever 
or  crank.  In  Figs.  10  to  16  are  shown  a number  of  these 
devices  as  actually  used,  particularly  in  connection  Avith 
hydraulic  elevators.  In  the  arrangement  shown  in  Fig.  10, 
there  is  a three-armed  lever  A in  the  car,  the  long  arm 
of  which  is  to  be  swung  to  the  right  or  left  by  the 
operator.  To  each  of  the  short  arms  is  connected  a rope  R 
running  down  over  an  idler  carried  by  another  three-armed 
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■To  Motor 


lever  B pivoted  at  the  bottom  of  the  hoistway.  From 
the  idlers  on  lever  B the  ropes  R,  R pass  up  again  and 
over  idlers  fixed  at  the  top  of 
the  hoistway,  as  shown.  On 
the  ends  of  the  ropes  * are 
counterweights  which  are 
equal,  and  each  is  somewhat 
heavier  than  the  equivalent 
force  necessary  to  move  the 
controlling  device  of  the 
motor,  which  is  mechanically 
connected  to  the  third  arm 
of  the  lever  B.  As  will  be 
easily  understood,  the  whole 
arrangement  is  in  equilibrium 
in  any  position  of  the  lever  A, 
but  the  equilibrium  is  dis- 
turbed as  soon  as  a pull  is 
exerted  on  it  in  either  direc- 
tion, in  consequence  of  which 
the  second  lever  B will  follow 
the  motions  of  A and  stay 
in  a position  corresponding 
to  that  of  A.  The  top  idlers 
are  shown  in  the  diagram  on 
separate  shafts  or  studs;  in 
reality  they  are  placed  side 
by  side  and  the  downward 
rope  passed 'through  the  counterweight  nearest  to  it,  as 
shown  in  Fig.  10  {a).  The  weight  is  thus  guided  on  the 
rope.  To  prevent  abrasion  of  the  rope,  a rubber  ring  is 
inserted  in  the  hole  through  the  weight. 


To  Co ti trolling 
Der/ce 


Fig.  10. 


19.  Another  arrangement  is  shown  in  Fig.  11.  The 
shipper  rope  is  led  from  a fixed  point  a at  the  top  of  the 
hoistway  over  two  idlers  h and  c mounted  on  a lever  L 
pivoted  to  the  car  and  handy  to  the  operator.  From  the 
idlers  b and  c the  rope  is  carried  farther  down,  around 
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the  shipper  sheave  V,  and  thence  back  upwards  over 
two  more  idlers  c'  and  b\  also  attached  to  the  lever  A,  and 
is  finally  fastened  at  the  top  at  d.  While  the  car  moves 

up  and  down,  the  shipper  sheave  5 
is  stationary  unless  the  lever  L is 
moved.  By  moving  L upwards,  the 
part  b c S oi  the  rope  is  doubled  up 
more,  while  the  part  b'  c'  S is 
straightened  out  an  equal  amount, 
causing  the  sheave  A to  take  a 
position  depending  on  that  of  the 
lever  A,  in  which  position  it  remains 
until  the  lever  is  moved  again.  In 
an  actual  machine  the  idlers  are 
mounted  on  studs,  b and  c’  on  one 
stud  and  b'  and  c on  another  stud, 
which  are  carried  on  a lever  out- 
side the  car ; the  pivot  of  the  lever, 
is  carried  through  into  the  interior 
of  the  car,  where  it  carries  the 
handle  L [see  Fig.  11  (a)].  A 
hand  wheel  may  be  substituted  for 
the  handle  A'. 


7b  Contro///n^  De\//ce. 
S/ieai/e. 


20.  The  same  idea  that  under- 
lies the  arrangement  of  Fig.  11  is 
embodied  in  Fig.  12.  Here  the 
two  branches  of  the  rope  are 
deflected  so  as  to  pass  over  two 
idlers  ?,  i'  on  the  same  stud  and 
a lever  pivoted  to  the  car;  the  other 


are  attached  to 
idlers  r,  and  d are  fixed  to  the  car. 


21.  The  devices  shown  in  Figs.  11  and  12  necessitate 
idlers  to  be  carried  on  the  car,  where  they  must,  owing  to 
the  limited  space  available,  be  necessarily  small.  This 
is  detrimental  to  the  rope,  especially  since  it  is  bent  in 
opposite  directions  in  quick  succession.  These  objections 
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do  not  prevail  in  the  arrangement  shown  in  Fig.  10,  where 
the  idlers  may  be  ample  in  diameter  and  the  ropes  are 
bent  in  one  direction  only. 

22,  An  improvement  on  Fig.  12  is  the  operating  device 
shown  in  Fig.  13,  in  which  the  ends  of  the  ropes  are 
attached  to  the  car  instead  of  to  moving  weights;  a single 


stationary  weight  a attached  by  a rope  to  a cross-bar,  or 
frame,  I?  carrying  the  upper  idler  is  substituted  for  the 
moving  weights. 

23.  This  arrangement  has  been  still  further  improved 
upon  in  the  manner  shown  in  Fig.  11.  The  ends  of  the 
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ropes  that  were  attached  to  the  car  in  Fig.  16  are  here  also 
attached  to  the  lever  arms,  and  the  two  ropes  leading  from 
the  lever  of  the  two  idlers  are  crossed.  It  can  easily  be 
seen  that  by  this  means  the  motion  of  the  lever  gives 
twice  as  much  motion  to  the  sheave  as  in  the  arrange- 
ments shown  in  Figs.  10  and  13. 


34.  The  operating  device  last  described  is  known  as  the 
Otis  lever,  or  operating:  device,  and  is  now  used  almost 
exclusively  on  the  hydraulic  elevators  of  the  Otis  Elevator 
Company.  By  substituting  a hand  wheel  or  crank  for  the 
lever  in  Fig.  13  and  attaching  the  lower  idlers  to  the  ship- 
per sheave,  a modification  shown  in  Fig.  15  is  obtained  that 
is  found  on  a good  many  elevators  of  the  Otis  make  and 
is  called  a liand-wlicel  oi)c rating*  device.  By  elevator 
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runners  the  operating  devices  are  often  called  controllers 
and  are  spoken  of  as  lever  controllers,  liancl- wheel  con- 
trollers, etc.  Since  the  term  controller  is  also  given  to  the 
combination  of  switches  and  resistances  constituting  the 
controlling  device  proper  in  electric  elevators,  the  practice 
just  mentioned  is  not  followed  here  in  order  to  prevent 
confusion. 

. 25.  A common  arrangement  of  a hand-wheel  operating 
device  is  shown  in  Fig.  10.  The  sheaves  A,  A'  are  sta- 
tionary, but  the  sheaves  B,  B',  being  loosely  mounted  on 
guide  rods,  can  be  shifted  by  means  of  the  hand  wheel  D 
and  chain  A.  The  chain  runs  over  the  wheels  C,  C . After 
the  explanations  of  the  operation  of  the  different  operating 
devices  that  have  been  previously  given,  the  operation  of 
this  one  will  be  easily  understood. 


SAFETY  DEVICES. 

26.  We  can  divide  the  safety  devices  used  on  elevators 
into  two  distinct  classes:  those  that  control  the  power  sup- 
ply, which  we  shall  call  motor  safeties,  and  those  that 
control  the  car  independently  of  the  power  supply,  which 
we  shall  call  car  safeties.  The  former  must  necessarily  be 
treated  in  connection  with  the  various  styles  of  motors  used ; 
the  latter  allow  of,  and  their  importance  warrants,  a treat- 
ment by  themselves,  which  will  be.  given  in  its  proper  place. 


ACCESSORIES. 

27.  Among  accessories  we  shall  class  all  those  various 
appliances  designed  to  prevent  accidents  from  causes  other 
than  failure  of  the  elevator  or  any  of  its  parts,  and  to 
increase  the  comfort  of  the  traveling  public  and  the  effi- 
ciency of  the  elevator  service.  Such  appliances  are  auto- 
matic gates,  doors,  and  hatchways,  signals,  indicators,  etc. 
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HAND-POAVER  ELEVATORS. 


CONSTRUC'TION. 

38.  When  an  elevator  is  to  be  used  but  little,  and  espe- 
cially if  speed  of  the  car  is  not  essential,  it  does  not  pay  to 
use  steam  or  other  motive  power;  liand-x^oAvei*  elevators 
are  then  useful.  With  few  exceptions  they  are  installed  for 
freight  service  only. 

Figs.  17,  18,  19,  and  20  show  several  types  of  hand-power 
elevators.  Those  shown  in  Figs.  18  and  19  are  made  by 
Morse,  Williams  & Co.,  of  Philadelphia,  Pennsylvania,  and 
those  shown  in  Figs.  17  and  20  by  the  A.  B.  See  Manufactur- 
ing Company,  of  Brooklyn,  New  York.  . 

39.  Motor. — The  motor  of  a hand-power  elevator  is  rep- 
resented either  by  a shaft  actuated  through  a rope  sheave 
and  endless  rope,  the  latter  being  pulled  in  either  direction 
by  hand,  and  examples  of  which  are  shown  in  Figs.  17,  18, 
and  19,  or  it  is  represented  by  a crank  driving  a windlass, 
as  shown  in  Fig.  20. 

30.  Transmitting:  Devices. — The  transmitting  devices 
consist  of  spur  gearing  in  connection  with  either  a drum  for 
a rope  or  chain,  as  in  Figs.  17,  19,  and  20,  or  a friction 
sheave,  as  in  Fig.  18. 

31.  Operating  Devices.  — The  operating  device  is  a 
manila  rope,  preferably  a four-strand  and  “stevedore” 
rope ; the  hoisting  and  counterweight  ropes  are  generally  wire 
ropes.  In  the  sidewalk  elevator  shown  in  Fig.  20,  chains 
take  the  place  of  the  rope. 

33.  Cai*s. — The  cars  in  Figs.  19  and  20  are  different 
from  the  ordinary  cars,  inasmuch  as  they  are  supported  on 
all  four  corners. 

Small  hand-power  elevators  are  used  largely  for  carrying 
small  loads  in  dwellings,  restaurants,  libraries,  etc.,  and  are 
called  dnmbwaiters.  The  cars  of  these  then  take  the  shape 
of  a box  with  or  without  shelves. 
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33.  Guides  and  Couiiterweiglit.  — In  the  elevator 
shown  in  Fig.  19  guides  are  provided  on  one  side  only. 
The  counterweight  in  Fig.  17  is  hung  from  a separate  drum; 


in  Fig.  19  it  is  hung  from  one  of  the  hoisting  drums;  in 
Fig.  18  it  is  attached  to  the  other  end  of  the  hoisting  cable; 
and  in  Fig.  20  the  counterweight  is  dispensed  with  entirely. 
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37 

When  hand-power  elevators  are  balanced,  they  are  generally 
overbalanced. 


34.  Con ti*ol ling:  Devices. — The  controlling  device  in 
Figs.  17,  18,  and  19  consists  only  of  a brake  A,  which  is  applied 
by  a weight  W and  is  loosened  by  the  operator  by  means  of 
a hand  rope.  In  the  windlass,  or  winch,  type  of  elevator. 


22 


ELEVATORvS. 


§37 


shown  in  Fig.  20,  the  brake  is  actuated,  both  in  applying 
and  loosening  it,  by  operating  the  lever  L by  hand.  Since 


the  brake  is  not  applied  automatically,  a pawl  P is  thrown 
in  mesh  with  the  gearing  when  the  elevator  is  at  rest. 

35.  Motor  Safeties.  — Hand-power  elevators  have  no 
motor  safeties. 


Fig. 
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OPERATION  AND  MAINTENANCE. 

36.  The  mechanisms  of  hand-power  elevators  are  so 
simple  that  any  one  can  operate  them  ^yithout  difficulty; 
nevertheless,  no  less  care  should  be  exercised  in  handling 
them  than  power-driven  elevators.  Carelessness  and  neglect 
will  prove  just  as  dangerous  with  hand-power  elevators  as 
with  any  other  type. 

37.  Hand-power  elevators  cannot  be  operated  from  the 
car,  but  are  operated  from  any  floor;  a person  riding  on  the 
same  has  no  control  over  its  movements  and  takes  consider- 
able risk.  In  operating,  the  operator  lifts  the  brake  and 
pulls  the  hand  rope.  In  the  design  shown  in  Fig.  17,  he 
must  hold  on  to  the  brake  rope,  or  clieck-llne,  as  it  is 
called,  as  long  as  the  car  is  to  move.  This  necessity  is 
avoided  by  the  arrangement  shown  in  Figs.  18  and  19,  the 
check-line  passing  over  a number  of  small  friction  pulleys 
that  give  enough  friction  to  the  rope  to  hold  the  brake  on 
or  off  after  the  operator  has  moved  it  by  either  an  upward  or 
downward  movement  of  the  hand.  This  device  is  a peculiarity 
of  the  hand-power  elevators  built  by  Morse,  Williams  & Co. 

38.  As  the  first  and  foremost  rule  it  must  be  remem- 
bered that  an  elevator  is  built  for  a certain  maximum  load 
and  that  this  load  should  never  be  exceeded. 

39.  All  elevators  should  be  started  and  stopped  gradu- 
ally. It  takes  more  power  to  run  an  elevator  up  to  a 
required  speed  than  to  maintain  that  speed  thereafter;  this 
additional  starting  power  is  the  greater  the  shorter  the  time 
within  which  the  necessary  speed  is  attained,  and  the 
greater  is  also  the  stress  in  all  parts  of  the  machinery. 
Likewise,  it  takes  considerable  power  to  stop  a moving 
elevator,  which  power  is  supplied  by  the  braking  device, 
and  which  is  required  to  be  the  greater  the  quicker  the 
elevator  is  stopped.  Thus,  if  an  elevator  is  stopped  too 
quickly,  enough  stress  may  be  put  on  the  braking  device  to 
destroy  it,  causing  accident.  In  hand-power  elevators  there 
is  hardly  any  danger  from  quick  starting,  but  there  is  from 
a sudden  application  of  the  brake,  especially  if  the  elevator 
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is  underbalanced  and,  as  is  often  done,  allowed  to  attain 
considerable  speed  in  descending. 

40.  The  drums,  sheaves,  and  gears  should  be  frequently 
inspected  as  to  their  fastenings  to  the  shaft. 

41.  The  brake  needs  particular  attention,  as  the  safety 
of  the  elevator  depends  on  it. 

42.  If  any  car  safety  is  provided,  as  there  should  be, 
the  same  should  be  examined  frequently  and  carefully  until 
the  operator  is  satisfied  that  it  is  in  good  working  condition; 
its  parts  should  be  kept  well  oiled  and  should  be  kept  elean,  to 
avoid  their  sticking  and  refusing  to  act  in  case  of  an  emer- 
gency. 

CARE  OF  AVIRE  ROPES,  CABLES,  AND  GUILES. 

43«  All  that  is  said  in  Arts.  44  to  51  applies  to  all 
elevators,  inasmuch  as  in  all  of  them  wire  rope  is  used  more 
or  less  and  all  have  guides. 

44.  The  wire  ropes  used  in  elevator  work  are  made  with 
hemp  centers,  to  make  them  more  pliable  and  thus  more 
durable,  on  account  of  the  short  bends  over  comparatively 
small  pulleys,  or  sheaves.  Galvanized  rope  should  not  be 
used;  the  thin  coating  of  zinc  soon  wears  off,  leaving  the 
wires  exposed  to  rapid  deterioration  by  corrosion. 

45.  The  wire  ropes  should  be  examined  often  and  care- 
fully ; hoisting  cables  should  be  condemned  as  dangerous 
when  the  wires  (not  the  strands)  commence  cracking. 
Wire  ropes  used  for  hoisting  should  under  no  circumstances 
be  spliced. 

46.  Wire  rope  must  be  handled  much  more  carefully 
than  hemp  rope,  inasmuch  as  it  is  liable  to  kink  and  twist, 
which  must  be  avoided  on  account  of  the  harmful  effect. 
Wire  rope  is  best  mounted  on  a reel  that  can  be  placed  on  a 
spindle  to  pay  out  the  rope.  If  received  from  the  supply 
house  without  a reel,  the  rope  should  be  paid  out  by  rolling 
the  coil  over  the  ground  like  a wheel.  Wire  rope  should  be 
lubricated  like  other  moving  machinery  parts  to  preserve  it. 
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To  prevent  rusting,  raw  linseed  oil  should  be  used  and 
applied  with  a piece  of  sheepskin.  The  J.  A.  Roebling  Sons 
Co.  recommend  to  mix  the  linseed  oil  with  the  equal  parts  of 
Spanish  brown  or  lampblack.  The  Otis  Elevator  Company 
recommend  a mixture  of  7 parts  of  linseed  oil  and  3 parts  of 
tar  oil.  Another  good  preserving  lubricant  is  made  by 
heating  and  mixing  well  cylinder  oil,  graphite,  tallow,  and 
vegetable  tar.  When  the  ropes,  or  cables,  as  they  are  called 
frequently  in  elevator  work,  have  once  become  well  soaked, 
they  need  oiling  only  about  every  .third  or  fourth  month. 
They  should  not  be  allowed  to  become  dirty  and  gummy. 

47.  In  replacing  worn  ropes,  particular  attention  must 
be  given  to  the  fastenings.  In  all  cases  where  the  ropes  are 
replaced  for  the  first  time,  it  is  best  to  carefully  reproduce 
the  joint  as  it  was  originally  made  by  the  makers  or  instal- 
lators.  An  engineer  taking  charge  of  an  elevator  plant  will, 
however,  sometimes  find  rope  fastenings  of  an  inferior  kind 
made  by  his  predecessor.  It  may,  therefore,  be  in  order  to  call 
attention  to  the  principal  methods  used  by  manufacturers. 

48.  The  shackle  used  by  the  Otis  Elevator  Company 
is  shown  in  Fig.  21.  It  consists  of  a split  rod,  the  two 

legs  A,  A of  which  are  bulged  out  and  provided 
with  noses  at  the  ends.  A collar  B straddles 
the  legs  and  eventually  abuts  against  the  noses. 
The  rope  is  brought  through  the  collar,  bent 
over  a thimble  C,  and  passed  back  again  through 
the  collar,  after  which  the  free  end  is  fastened 
by  wrapping  with  wire.  The  wrapped  end  of 
the  rope  should  be  at  least  8 inches  long.  The 
inside  surfaces  of  the  legs  A and  the  outside 
surface  of  the  thimble  are  concave  to  conform 
with  the  rope.  Instead  of  the  wire  wrapping, 
clamps  are  sometimes  used ; the  wrapping  is  to 
be  preferred,  however. 

49.  Another  fastening  is  shown  in. Fig.  22.  The  rope  is 
passed  through  a socket  A forming  part  of  the  shackle; 
then  it  is  untwisted  for  a short  distance  and  the  individual 


Fig.  21. 
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wires  bent  double.  The  socket  is  then  filled  with  molten 
lead,  or,  better,  with  Babbitt  metal,  which  should  be  of  the 
best  quality.  The  sockets  should 
be  warmed  before  the  metal  is 
poured  to  prevent  chilling. 

50.  In  fastening  the  rope  to  the 
drum,  it  must  be  observed  that  at 
the  lowest  position  of  the  car  the 
rope  must  still  encircle  the  drum 
several  times  to  reduce  the  stress 
at  the  point  of  fastening. 

51.  The  guides  should  not  be 

allowed  to  become  gummy  and 
should,  therefore,  be  cleaned  from  ‘ W (^) 

time  to  time  — about  twice  a fig.  22. 

month  — and  freshly  lubricated.  Gummy  guides  cause 
the  car  to  alternately  stick  and  free  itself,  making  its 
motion  jerky;  and  a bad  case  of  sticking  may  cause  the 
car  to  drop  a distance  great  enough  to  break  the  cable  and 
thus  cause  serious  accident.  In  cleaning  guides,  a judicious 
occasional  use  of  kerosene  oil  is  recommended.  For  a lubri- 
cant on  steel  guides  good  cylinder  oil  is  used ; some  use  a 
composition  that  is  seven-eighths  cylinder  oil  and  one-eighth 
plumbago,  well  mixed.  Wooden  guides  are  greased  with 
No.  3 Albany  grease  or  lard  oil;  a mixture  of  tar  oil  and 
wax  is  also  recommended  by  some. 


BELT  ELEYATORS. 


DEFINITION. 

53.  The  term  belt  elevator  is  applied  to  that  class  of 
elevators  that  are  driven  directly  by  belts  from  line  shaft- 
ing, which  shafting,  in  turn,  may  be  driven  by  any  prime 
mover  and  may  be  used  for  driving  other  machinery  at  the 
same  time.  Belt  elevators  are  used  for  freight  service 
principally,  seldom  for  passenger  service. 
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IXST  ALL  ATIOX . 

53.  The  shaft  from  which  the  power  is  taken  revolves 


continually  in  the  same  direction  independently  of  the 
motion  of  the  elevator  — that  is,  uncontrolled  by  the 
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operator.  The  power  is  transmitted  from  this  shaft  to  the 
elevator  machine  either  direct,  if  the  shaft  is  conveniently 
located,  or  by  a countershaft.  In  either  case,  the  shaft  or 
countershaft  carries  a wide  pulley  that  drives  two  belts,  an 
open  one  Fig.  23,  and  a crossed  one  b.  The  elevator 
machine  c is  preferably  placed  on  the  ceiling,  as  shown,  to 
save  floor  space,  but  it  may  be  put  on  the  floor  as  well. 
In  many  cases  it  will  be  possible  to  place  it  directly  over  the 
hoistway  and  thus  save  the  expense  of  overhead  sheaves. 


GENERAL  DESCRIPTION  OF  PARTS. 

54.  Following  up  the  various  parts  again  in  the  order 
named  in  Art.  3,  they  present  themselves  as  follows: 

The  motor  of  a belt  elevator  is  simply  a shaft  carrying 
two  loose  pulleys  and  one  tight  pulley ; it  is  designated  by 
M in  the  various  illustrations  following  hereafter. 

The  transmitting  devices  consist  of  either  worm-gearing 
or  spur  gearing  connecting  the  shaft  M with  the  drum, 
worm-gearing  being  by  far  the  more  common  arrangement. 

When  counterbalancing^  worm-geared  belt  elevators  are 
generally  overbalanced ; spur-geared  ones  are  not.  The  rea- 
son for  this  is  that  worm-gearing  works  much  smoother 
than  spur  gearing;  it  starts  and  stops  gradually,  offering 
much  more  resistance  during  the  period  of  getting  up  speed, 
and  acts  as  a kind  of  brake  by  itself  in  bringing  the  elevator 
to  rest.  The  addition  to  the  moving  masses  due  to  over- 
balancing, therefore,  greatly  increases  the  jerkiness  of 
motion  in  spur-geared  machines,  while  it  has  little  influence 
that  way  in  worm-geared  ones. 

The  controlling  devices  consist  of  a pair  of  belt  shifters, 
constituting  the  power  control,  and  a brake,  both  being 
operated  simultaneously  by  a shipper  rope. 


CONSTRUCTION  OF  CONTROLLING  DEVICES. 

55.  In  a belt  elevator  the  controlling  devices  must  be 
constructed  in  such  a manner  that  the  following  require- 
ments are  fulfilled: 
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(a)  When  the  shipper  sheave  is  in  the  central  position, 
both  belts  must  be  on  their  respective  loose  pulleys  and  the 
brake  must  be  on. 

(d)  When  the  shipper  sheave  occupies  the  extreme  right- 
or  left-hand  position,  one  belt  must  be  on  the  tight  pulley, 
while  the  other  must  be  on  its  loose  pulley,  and  the  brake 
must  be  off. 

(^')  In  their  respective  driving  or  non-driving  positions, 
the  belt  shifters  must  be  locked  in  place,  so  that  they  can- 
not be  accidentally  shifted. 

(d)  It  must  not  be  possible  to  throw  the  shipper  sheave 
over  too  far. 

{/)  The  central  position  of  the  shipper  sheave  must  be 
distinctly  defined,  so  as  to  give  the  operator  warning  against 
overthrowing  the  sheave  from  the  one  extreme  position  to 
the  other.  It  is  evident  that  this  danger  always  exists. 

50.  The  requirements  stated  in  Art.  55  are  met  in  vari- 
ous ways  in  practice.  Fig.  24  shows  in  a diagrammatical 
way  a typical  arrangement  for  this  purpose.  The  figure 
does  not  represent  an  actual  machine,  but  was  prepared  to 
show  the  various  elements  of  a belt  elevator,  separately 
explaining  their  functions.  The  shipper  sheave  A has  two 
cam  grooves  into  which  enter  corresponding  pins  ff  on 
the  ends  of  the  belt  shifters  if,  E . 

The  cam  groove,  it  will  be  noticed,  has  one  concentric 
middle  portion  and  two  eccentric  side  portions. 

When  the  sheave  is  in  a central  position,  as  shown,  both 
belts  are  on  their  respective  loose  pulleys.  A pull  down- 
wards on  the  shipper  rope  R swings  the  shipper  sheave 
around  to  the  left;  the  pin  p of  the  left-hand  belt  shifter 
enters  the  left-hand  eccentric  portion  of  the  cam  groove  and 
is  thus  forced  to  the  right,  while  the  other  pin  /'  travels  in 
the  concentric  portion  of  the  groove  and  thus  remains 
stationary.  The  open  belt  is  thus  shifted  on  to  the  tight 
pulley  P while  the  crossed  belt  remains  on  its  loose  pulley; 
the  elevator  car  then  ascends.  On  pulling  upwards  on  the 
rope  /v,  the  reverse  takes  place  and  the  elevator  car  descends. 
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On  the  hub  of  the  shipper  sheave  a V-shaped  cam  groove 
is  formed,  into  which  enters  a pin  g in  the  middle  of  a lever 
that  carries  on  the  one  end  a brake  shoe  B and  on  the  other 
a weight  JF,  which  latter  is  so  connected  to  it  by  means  of  a 
system  of  links  that  it  tends  to  keep  the  brake  on  the  tight 
pulley;  a swing  of  the  sheave  either  to  the  right  or  left  lifts 
off  the  brake.  Thus  requirements  (a)  and  (/;),  Art.  55, 
are  fulfilled.  Requirement  (r)  is  met  by  the  shape  of  the  cam 
groove,  and  not  only  are  the  shifters  locked  to  the  sheave  in 
whatever  position  the  same  may  be  in,  but  also  while  one 
shifter  is  being  moved  the  other  is  held  positively  and 
immovably  in  place  by  virtue  of  the  concentric  position  of 
the  cam  groove. 

Requirement  (ff)  is  met  by  the  proper  length  of  the 
groove,  and  requirement  (r)  by  the  sharp  corner  of  the 
V groove,  which  will  make  itself  distinctly  felt  to  the  touch 
of  the  operator. 

57.  As  already  said,  the  simple  shipper  rope  is  used  for 
an  operating  device^  special  devices,  such  as  described  in 
Arts.  18  to  25,  being  uncalled  for,  owing  to  the  compara- 
tively slow  speed  of  belt  elevators  and  to  the  fact  that  the 
car  begins  to  move  only  after  the  belt  has  been  shipped  a 
considerable  distance,  so  that  it  requires  but  little  skill  to 
complete  the  shift  during  the  accelerating  period  of  the  car. 


MOTOR  SAFETIES. 

58.  Limit  Stops  on  Sliipiiei*  Rope. — In  all  elevators 
that  are  run  by  motive  power  the  danger  exists,  if  no  pro- 
vision be  made  against  it,  that,  through  the  operator  failing 
to  arrest  the  car  on  time,  the  car  or  counterweight  may  be 
hoisted  against  the  overhead  work,  causing  damage  and 
accident.  Such  danger  does  not  exist  in  hand-power  eleva- 
tors with  their  slow  speed,  the  resistance  immediately  being 
felt  by  the  hand  when  the  car  strikes  an  obstruction.  It  is, 
therefore,  one  of  the  provisos  in  every  power-elevator  design 
that  the  power  be  shut  off  and  the  car  be  automatically 
arrested  at  the  limit  of  its  travel  up  or  down. 
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The  means  adopted  for  this  purpose  are  called  limit  stops, 
and  are  of  various  designs.  In  all  cases  where  a shipper 
rope  passes  straight  through  the  car,  knobs  or  buttons  are 
clamped  on  the  same,  against  which  the  car  strikes  when 
nearing  its  upper  or  lower  limit  of  travel,  thus  operating 
the  shipper  sheave  automatically.  This  means,  of  course, 
operates  only  as  long  as  the  shipper  rope  is  intact.  As  it 
may  easily  occur  that  the  shipper-rope  connection  is  broken 
or  the  rope  is  otherwise  ineffective,  limit  stops  are  also  always 
provided  on  the  motor  itself. 

59.  Limit  Stops  on  Motors. — For  drum  elevators  the 
most  common  arrangement  is  that  shown  in  Fig.  25.  Let  A 


be  a continuation  of  the  drum  shaft  shown  broken  off  in 
Fig  24.  A screw  thread  is  cut  on  this  shaft  and  a gear- 
wheel the  hub  of  which  forms  a nut,  is  placed  on  the 
threaded  portion  of  the  shaft ; this  gear-wheel  meshes  with 
another  similar  wheel  n’  bolted  to  the  shipper  sheave.  It  is 
evident  that  when  the  sheave  is  stationary  and  the  drum 
rotates,  the  gear-wheel  n will  be  prevented  from  revolving 
with  the  drum  shaft,  but  will  travel  on  the  same  in  an  axial 
direction  either  towards  or  from  the  drum,  according  to  the 
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sense  of  rotation  of  the  latter.  The  hub  of  the  wheel  n has 
claws  on  either  side,  as  shown,  corresponding  to  similar  claws 
formed  on  two  other  nuts  vi  and  m'  that  are  clamped  by  jam 
nuts  j and  j\  or  in  some  other  manner,  securely  to  the  drum 
shaft  A.  Now,  it  will  be  easily  understood  that  when 
the  wheel  n travels  either  way,  it  will  eventually  be  engaged 
by  either  one  of  the  revolving  nuts  in  or  in'  and  be  swung 
around,  carrying  with  it  the  shipper  sheave,  with  the  effect 
of  cutting  off  the  power  and  applying  the  brake.  The 
nuts  111  and  in'  can  easily  be  adjusted  to  any  position  on 
the  threaded  portion  of  the  drum  shaft,  and  can  thus  be 
made  to  act  when  the  car  reaches  the  upper  or  lower  limit 
in  the  hoistway. 


SLACK-CABLE  SAFETY. 

GO.  Should  the  elevator  car  be  obstructed  in  its  descent 
by  gummy  guides  or  for  any  other  reason  and  the  motor 
continue  to  pay  out  the  cable,  the  car  would,  if  released 
suddenly,  drop  and  most  likely  break  the  cable,  causing 
damage;  or  should  the  car  not  drop,  but  be  resting,  for 
instance,  on  the  bottom  of  the  hoistway,  the  slack  cable 
might  still  cause  damage  by  getting  into  revolving  parts  of 
the  machine.  In  any  case,  if  the  hoisting  cable  becomes 
slack,  it  will  quickly  be  riding  over  itself  on  the  drum  or 
otherwise  get  entangled  and  must  be  straightened  out  again, 
which  entails  much  labor  and  annoyance.  A frequent  occur- 
rence is  a slack  cable  produced  by  a careless  handling  of  the 
shipper  rope.  It  can  often  be  noticed  that  when  an  operator 
in  going  up  has  missed  his  landing,  he  hastily  reverses  the 
machine  to  make  his  error  good ; the  result  is  that  the  hoist- 
ing cable  becomes  slack.  Now,  most  car  safeties  are  so 
arranged  that  they  will  bind  the  car  to  the  guides  on  the 
cables  becoming  slack.  In  his  perplexity  at  the  sudden 
stoppage  of  the  car,  the  operator  is  likely  to  forget  to  shift 
the  shipper  rope  so  as  to  stop  the  machine,  and  the  latter 
goes  on  paying  out  rope.  Provision  is  made  against  such  an 
emergency  by  contrivances  called  slack-cable  safeties. 
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Fig.  25  shows  the  principle  underlying  such  an  arrange- 
ment: An  idler  i travels  axially  on  its  shaft  .y  with  the 

hoisting  rope  along  the  drum.  The  shaft  is  supported 
on  levers  /,  /'  pivoted  in  a convenient  manner.  A cord  c 
leads  from  the  arm  /"  of  the  lever  /'  over  sheaves  to  a bell- 
crank  one  arm  of  which  is  weighted,  while  the  other 
engages  a clutch  C.  As  long  as  the  hoisting  rope //is  taut, 
the  idler  i is  pushed  outwards  against  the  weight  on  the  bell- 
crank  b\  but  should  the  hoisting  rope  become  slack,  the 
weight  on  the  bell-crank  b will  cause  the  clutch  C to  engage 
with  a gear-wheel  g mounted  loosely  on  the  drum  shaft,  and 
will  cause  the  same  to  revolve  with  the  drum  shaft.  The 
gear-wheel^  meshes  with  another  gear-wheel  h fastened  to 
the  shipper  sheave,  so  that  the  latter  will  be  swung  around 
when  the  hoisting  cable  becomes  slack. 

61.  The  principles  illustrated  by  Figs.  24  and  25  are 
found  embodied  in  all  belt  elevators  in  various  ways. 


EXAMPLES  OF  BELT  ELEVATORS. 

63.  Fig.  26  is  a plan,  elevation,  and  side  view  of  a worm- 
geared  belt-elevator  machine  built  by  The  Whittier  Machine 
Company,  Boston,  Massachusetts,  and  designed  to  be  placed 
on  the  floor.  While  there  is  no  particular  difficulty  about 
understanding  the  operation  of  the  machine,  a few  explana- 
tions will  nevertheless  be  in  order.  The  machine  has  two 
worms,  one  left-handed  and  one  right-handed,  actuating  two 
worm-wheels  that  mesh  together.  This  combination  pre- 
vents the  end  thrust,  which  is  unavoidable  in  single-worm 
machines  and  saves  the  power  necessary  to  overcome  the 
frictional  resistance  due  to  it.  There  is,  consequently,  also 
no  wear  to  the  end  of  the  shaft,  and  no  step  bearing  is 
required,  as  in  single-worm  machines. 

With  regard  to  the  controlling  devices,  it  will  be  noticed 
that  the  belt-shifter  cam  groove  is  continuous.  Special 
provision  is,  therefore,  made  against  throwing  the  sheave 
over  too  far  by  fastening  a stop-plate  T to  the  frame,  and 
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by  stops  t formed  on  the  hub  of  the  shipper  sheave,  as 
shown  in  detail  in  Fig.  20  (^'z). 

The  central  non-driving  position  of  the  controlling  device 
is  made  perceptible  to  the  hand  of  the  operator  by  nicking 
the  brake  cam,  as  shown  in  dotted  lines  at  a in  Fig.  20. 

The  limit  stops  are  arranged  practically  in  the  same  man. 
ner  as  in  the  typical  drawing  given  in  Fig.  25.  The  slack- 
cable  safety  is,  however,  radically  different,  inasmuch  as  the 
tension  of  the  hoisting  rope  is  not  made  use  of;  but, 
instead,  the  weight  of  one  or  more  turns  of  rope  hanging 
from  the  drum  underneath  in  case  the  cable  should  become 
slack.  For  this  purpose  a rod  r is  placed  across  and  under- 
neath the  drum,  which  rod  is  attached  to  the  end  of  a 
weight-actuated  lever  that  is  tripped  and  closes  the  clutch  C 
when  there  is  any  weight  resting  on  the  rod  r.  Both  kinds 
of  slack-cable  safeties  are  extensively  used. 

(>3.  Fig.  27  shows  a worm-geared  elevator  built  by  Morse, 
Williams  & Co.,  Philadelphia,  Pennsylvania.  In  this  machine 
the  various  requirements  are  fulfilled  by  slightly  different 
means  than  have  so  far  been  shown,  although  the  principles 
are  the  same.  The  difference  lies  in  the  manner  in  which  the 
belt  shifters  are  moved.  Instead  of  the  shipper  sheave  carry- 
ing the  cam,  the  belt-shifter  bars  a and  b have  slotted  cam 
pieces  a’  and  b'  attached  to  them,  and  the  sheave  carries  two 
buttons,  or  projections,  p and  It  is  easily  seen  that  the 
effect  is  the  same  as  when  the  shipper  sheave  carries  the 
cam,  with  one  advantage.  As  will  be  shown  presently,  it 
saves  a good  deal  of  complication  in  the  way  of  gearing  to 
put  the  shipper  sheave  loosely  on  the  drum  shaft  instead  of 
placing  it  on  a separate  stud,  or  shaft,  in  line  with  the 
shifter  bars,  as  was  done  in  the  machines  shown  in  Figs.  24 
and  26. 

As  this,  however,  throws  the  center  of  the  shipper  sheave 
out  of  line  with  the  shifter  bars,  the  distance  between  must 
be  bridged  over.  When  using  a cam  on  the  sheave,  this  is 
done  ordinarily  by  interposing  double-arm  levers  / and  /',  as 
shown  in  Fig.  28,  so  that  one  advantage  is  gained  at  the 
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sacrifice  of  another  in  that  case.  By  arranging  the  parts 
as  in  Fig.  27,  the  necessity  of  the  double-armed  levers  is 
avoided,  making  the  machine  so  much  simpler.  Both  types 
are  in  extensive  use,  however. 


Fig.  28. 


Reverting  to  Fig.  27,  it  will  be  seen  that  in  turning  the 
sheave  to  the  right,  for  instance,  the  right-hand  belt  will  be 
shifted  on  to  the  tight  pulley  A by  virtue  of  the  button  /' 
entering  the  cam  groove  on  the  corresponding  shifter-bar 
cam  piece  a'.  The  left-hand  button  /,  however,  will  leave 
its  cam  d'  entirely,  and  if  no  provision  were  made  against  it, 
the  left-hand  shifter  would  be  unprotected,  that  is,  liable  to 
be  shifted  accidentally.  To  avoid  this,  that  is,  to  lock  the 
stationary  shifter  bar  in  place  while  the  other  is  being 
moved  (see  requirement  (<r).  Art.  55),  a circular  groove 
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is  formed  in  the  shipper  sheave  V,  which  fits  over  pins  Ji 
and  h'  inserted  in  the  shifter  cam  pieces  a'  and  U . 

The  central,  or  non-driving,  position,  as  well  as  the 
extreme  right  and  left  positions,  are  strongly  defined  to  the 
operator  by  the  shape  of  the  brake  cam,  which  has  a wide, 
flat  surface  for  the  neutral  position  and  two  smaller  flat 
surfaces  for  the  end  positions,  with  the  effect  that  when 
either  of  the  corners  c or  c'  of  this  cam  passes  through  a 
position  vertically  below  the  center  of  rotation,  the  sheave 
will  come  to  a quick  and  sudden  stop. 

64.  It  was  mentioned  in  Art.  63  that  by  placing  the 
shipper  sheave  on  the  drum  shaft  a simpler  arrangement  for 
the  limit  stops  can  be  had.  The  usual  arrangement  is 
clearly  shown  in  Figs.  27  and  28.  The  shipper  sheave  is 
provided  with  a yoke  /,  which  takes  the  place  of  the  hub. 
The  yoke  has  formed  on  it  a feather  or  rib  /,  upon  which 
slides  the  traveling  nut  n that  eventually  engages  with  the 
fixed  nuts  m and  m'  in  the  manner  already  described.  It  is 
thus  seen  that  the  gearing  shown  in  Figs.  24  and  26  is  dis- 
pensed with.  The  yoke  arrangement  is  in  most  extensive 
use  and  is  found  on  almost  every  drum-elevator  machine. 


OPERATION  AND  MAINTENANCE  OF  BELT  ELEVATORS. 

(55.  The  operation  of  belt  elevators  requires  but  little 
skill,  the  speed  being  comparatively  slow ; nevertheless,  a 
certain  amount  of  practice  is  required  to  “make  the  land- 
ings” exactly. 

66.  The  operator  should  never  rely  on  the  limit  stops 
to  make  a top  or  bottom  landing,  but  should  always  operate 
the  rope  as  at  any  intermediate  floor.  The  limit  stops  are 
provided  for  an  emergency  and  not  for  general  use.  They 
should  be  tried,  however,  once  or  twice  every  day,  to  see  if 
they  are  operative  and  correctly  set.  The  operator  is  to 
be  cautioned  against  sudden  reversals  of  the  controlling 
device. 
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67.  The  brake  needs  adjusting  from  time  to  time.  The 
necessity  for  this  manifests  itself  by  the  car  “settling”  at 
the  landings.  A good  deal  of  judgment  is  necessary  in 
adjusting  the  brake;  it  should  not  grip  too  soon  nor  too  late. 

68.  The  belts  should  be  kept  under  inspection  and  not 
allowed  to  become  too  slack.  As  new  belts  stretch  consid- 
erably for  a long  period  of  time,  they  need  closer  attention 
than  old  ones. 

69.  Belt-elevator  machines  should  be  so  installed,  if  pos- 
sible, that  the  belts  are  not  subjected  to  the  influence  of 
water,  steam,  or  other  moisture.  In  many  cases,  as  in 
some  factories,  breweries,  etc.,  this  cannot  always  be  done; 
it  is  then  advisable  to  dress  leather  belts  with  a leather 
waterprooflng  compound,  various  brands  of  which  are  in  the 
market,  or  to  use  rubber  belts.  Only  flrst-class  material 
should  be  used  for  elevator  belts,  especially,  if  they  are  to  be 
run  in  moist  or  damp  places.  Be  careful  to  prevent  oil  from 
dripping  on  either  leather  or  rubber  belts,  as  the  life  of  the 
same  is  greatly  impaired  thereby.  Leather  belting  does  not 
remain  safe  for  any  length  of  time  in  a temperature  above 
110°  F. 

70.  In  general,  it  is  to  be  said  that  the  elevator  machine 
needs  as  much  care  as  any  other  machine  on  the  premises. 
It  is  too  often  considered  of  secondary  importance  and  is 
neglected  by  the  engineer  in  charge,  especially  as  it  is  placed 
on  the  ceiling  and  more  out  of  reach  than  other  machinery. 
The  bearings  should  be  kept  well  oiled  and  the  gearing 
should  be  kept  clean.  With  regard  to  worm-gearing  in  par- 
ticular, it  may  be  well  to  mention  that  in  the  better  class 
of  machines  it  is  enclosed  in  a casing,  and  the  worm  runs 
constantly  in  oil.  This  oil  bath  should  be  kept  full  and 
occasionally  renewed  to  remove  dirt  and  grit  that  may  have 
accumulated.  With  new  elevators  this  should  be  done 
more  frequently  than  with  the  old  ones  that  have  been  “ run 
in”;  with  these  fresh  oil  should  be  put  in  every  two  or 
three  months. 
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71.  Worm-gearing  when  new  should,  if  possible,  be 
less  heavily  loaded  than  when  run  in.  A judicious  observ- 
ance of  this  rule  is  sure  to  prolong  the  life  of  the  gearing 
considerably.  Although  conscientious  manufacturers  run 
in  their  worm-gearing  before  shipment,  they  can  naturally 
do  so  only  to  a limited  extent.  -It  is  said  that  the  best  oil 
to  use  on  the  worm  bath  is  castor  oil.  The  fact,  however, 
that  castor  oil  thickens  when  it  becomes  heated  and  that 
more  or  less  heat  is  developed  on  worm-gearing,  makes  it 
desirable  to  use  a mixture  of  2 parts  of  castor  oil  and  1 part 
of  the  very  best  cylinder  oil.  Upon  getting  warm  the  cylin- 
der oil  runs  freely,  thus  compensating  for  the  property  of 
castor  oil  mentioned. 

72.  Particular  attention  is  to  be  paid  to  the  lubrication 
of  the  thrust,  or  step,  bearings  of  the  worm,  which  should 
be  renewed  as  soon  as  they  show  signs  of  cutting,  since  they 
will  rapidly  go  from  bad  to  worse.  The  step  is  generally 
made  adjustable.  The  adjustment  should  be  such  that  there 
is  a little  end  play  for  the  worm-shaft,  say  a scant  thirty- 
second  of  an  inch.  This  end  play  gives  the  oil  a chance  to 
enter  between  the  bearing  surfaces  at  every  reversal  of  the 
worm. 

If  the  steps  are  screwed  up  too  tight,  they  will  run  hot  at 
once  and  soon  seize.  The  same  as  the  worm  and  wheel,  the 
step  bearing  requires  to  be  run  until  a full  uniform  bearing 
surface  is  attained  by  a mutual  adjustment  through  wear  of 
the  journal  and  its  step.  This  mutual  adjustment  can  be 
greatly  facilitated  by  placing  a leather  washer  behind  the 
step. 

73.  Overhead  sheave  boxes  must  not  be  neglected. 
They  should  be  kept  lubricated  with  heavy  grease  in  sum- 
mer, with  an  addition  of  cylinder  oil  in  winter. 

74.  Belt  elevators  should  ordinarily  not  be  run  at  a 
greater  car  speed  than  60  feet  per  minute.  The  pulley 
speed  should  not  exceed  400  revolutions  per  minute. 
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STEAM  ELEVATORS. 


CONSTRUCTION. 

75.  Motors. — Owing  to  the  necessity  of  prompt  start- 
ing, stopping,  and  reversing,  the  engines  used  for  steam 
elevators  are,  without  exception,  duplex  engines,  generally 
of  the  vertical  type.  The  cylinders  are  placed  either  on  top 
or  bottom,  according  to  the  kind  of  gearing  used.  Ordinary 
slide  valves  are  used  by  some  manufacturers,  piston  valves 
by  others. 

76.  Transmitting  I>evices. — Practically  all  steam  ele- 
vators are  drum  elevators.  According  to  the  kind  of  gear- 
ing used  to  connect  the  engine  and  drum,  we  can  divide  the 
elevator  machines  in  general  use  into  the  following  classes: 

11  • 1 i spur  gearing. 

Direct-geared  elevators  with  i 

{ Avorm-gearmg. 

1 11  • 1 ( spur  gearing. 

Belt-geared  elevators  with  i 

( worm-gearing. 

An  example  of  an  elevator  of  each  class  is  given  in 
Figs.  29,  31,  32,  33,  and  34.  The  illustrations  given  do  not 
by  any  means  represent  all  the  various  designs  of  steam  ele- 
vators, but  have  been  chosen  simply  to  illustrate  the  four 
types  in  most  general  use. 

77.  Coiiiiterbalaiieiiig. — Steam  elevators  are  usually 
overbalanced  when  made  with  worm-gearing,  but  are  not 
overbalanced  when  made  with  spur  gears,  for  the  same 
reason  as  belt  elevators. 

The  engine  thus  furnishes  full  power  only  on  the  up  trip 
of  the  car,  and  as  the  unbalanced  portion  of  the  car  weight 
is  generally  considerable  in  steam  elevators  for  the  sake  of 
safety,  the  engine  must  be  of  comparatively  large  capacity. 
To  do  away  with  the  waste  of  energy  in  raising  the  unbal- 
anced dead  load  of  the  car,  and  at  the  same  time  to  avoid 
the  use  of  the  large  moving  masses  of  counterweights, 
recourse  has  been  had  occasionally  to  the  expedient  of  con- 
necting two  cars  with  one  hoisting  drum,  the  ropes  being  so 
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attached  to  it  that  when  one  car  ascends  the  other  descends, 
the  motor  furnishing  power  when  the  load  on  the  ascending 
car  is  equal  to  or  greater  than  that  on  the  descending  one. 
It  is  evident  that  the  pressure  on  the  bearings  of  the  hoist- 
ing drum  is  equal  to  the  weight  of  both  cars  plus  their  loads, 
and  the  stress  in  the  hoisting  ropes  is  equal  to  the  weight  of 
one  car  with  its  load.  By  connecting  the  two  cars  by  a 
separate  rope  running  over  overhead  sheaves,  the  bearings 
of  the  drum  and  the  hoisting  ropes  are  relieved  of  the  car 
weights. 

The  obvious  advantages  of  this  double-car  method  of 
counterbalancing  are,  of  course,  gained  at  the  disadvantage 
that  both  cars  must  move  simultaneously. 

78.  Controlling  Devices. — The  controlling  devices  of  a 
steam  elevator  consist  of  a steam-reversing  valve  and  brake 
operated  by  a shipper  rope,  which  is  either  a simple  shipper 
rope  or  is  in  connection  with  some  lever  or  wheel-operating 
device. 

79.  The  steam  valves  used  in  the  machine  represented 
in  Fig.  29,  which  is  an  Otis  si)ur-gearecl  steam  elevator, 
are  piston  slide  valves  operated,  as  in  most  slide-valve 
engines,  by  eccentrics  on  the  main  shaft. 

80.  The  reversing  valve,  which  is  shown  in  three  posi- 
tions in  Fig.  30,  reverses  the  motion  of  the  engine  by  chan- 
ging the  piston  valve  of  each  engine  from  a direct  to  an 
indirect  valve,  and  vice  versa.  Referring  to  Fig.  30  (<t),  the 
reversing  valve  a is  shown  in  the  position  it  occupies  when 
hoisting.  ’ The  valve  is  surrounded  by  live  steam,  which  is 
also  admitted  to  the  cavity  b.  The  live  steam  now  flows 
through  the  ports  c,  c'  into  the  passages  e and  e'  leading  to 
the  ends  of  the  piston  valve,  which  now  operates  as  a direct 
valve,  taking  steam  at  the  ends  and  exhausting  at  the  center. 
The  exhaust  from  the- piston  valve  passes  through  the  pas- 
sage d and  ports  o'  into  the  exhaust  passage  f.  ' 

81.  For  lowering,  the  reversing  valve  occupies  the  posi- 
tion shown  in  Fig.  30  {U).  Live  steam  now  passes  through 
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the  small  port  .y  into  the  port  o and  thence  through  the 
passage  d to  the  center  of  the  piston  valve,  converting  it 
into  an  indirect  valve  and  thus  reversing  the  motion  of  the 
engine.  The  exhaust  from  the  engine  passes  through  e and  c' 
into  the  port  r,  and  thence  through  the  small  port  r in  the 
valve  to  the  exhaust  passage  f.  The  elevator  being  under- 


Fig.  31  {a). 

balanced,  the  car  descends  by  gravity,  so  that  the  steam 
ports  need  be  uncovered  entirely  only  for  hoisting.  Only 
enough  steam  to  overcome  the  friction  of  the  engine  is 
needed  in  lowering,  and  for  this  reason  the  port  s that  admits 
steam  for  lowering  is  very  small,  being  made  up  of  a series 
of  small  holes  drilled  through  the  valve.  The  port  r is  con- 
structed in  the  same  manner. 
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S2,  When  the  car  is  at  rest,  the  reversing  valve  occupies 
the  position  shown  in  Fig.  30  (r),  where  all  ports  are  cov- 
ered. A motion  of  the  reversing  valve  in  an  upward  direc- 
tion will  start  the  engine  and  hoist  the  car;  a downward 
motion  of  the  reversing  valve  will  let  the  car  descend. 


83.  The  stem  /v  of  the  reversing  valve  (see  Fig.  29)  is 
attached  to  a lever  L that  is  actuated  by  a rack  Q and 


Fig.  31  {b\  {c),  (d),  ie). 


pinion  P from  the  shipper-sheave  shaft  A,  which  latter  is 
also  connected  to  the  brake  lever  U by  a chain  JF.  The 
operation  of  the  brake  is  plain  from  the  drawing. 


48 


ELEVATORS. 


37 


84.  The  reversing  valve  in  the  machine  shown  in 

Fig.  31  which  is  a Crane  worm-g-earecl  steam  ele- 
vator, is  somewhat  different  from  the  Otis  valve  just 
described.  Its  action  will  be  understood  from  Fig.  31  {d),  (c), 
{(/),  and  (c).  Fig.  31  (r)  is  a vertical  section  through  the 
two  engine  cylinders  and  the  valve  chest  showing  the  steam- 
distributing  slide  valves  V,  V in  section  and  a front  view  of 
the  reversing  valve  R,  while  Fig.  31  (b),  (c),  and  (d)  are 
transverse  sections  showing  the  three  positions  of  the 
reversing  valve.  The  action  is  as  follows:  Steam  enters 

through  the  pipe  a,  Fig.  31  (e),  the  steam  chest  A.  If  the 
reversing  valve  R is  moved  to  the  position  shown  in 
Fig.  31  (b),  the  port  c is  opened,  thus  allowing  steam  to 
flow  through  the  passage  C into  the  cylinders,  while  the 
exhaust  passes  through  passage  i>,  port  b,  cavity  h of  the 
reversing  valve,  exhaust  port  and  duct  f into  the  atmos- 
phere. To  stop,  the  reversing  valve  is  moved  to  the  position 
shown  in  Fig.  31  (c'),  when  it  closes  the  passages  B and  C. 
To  reverse  the  machine,  the  reversing  valve  is  moved  to 
the  position  shown  in  Fig.  31  (<r/).  Steam  then  enters  A 
through  as  before,  but  goes  through  port  b and  pas- 
sage B to  the  distributing  valves  F,  F',  while  the  exhaust 
passes  through  passage  C and  port  c. 

85,  The  manner  in  which  the  engine  is  reversed  may  be 
explained  as  follows:  The  port  c and  passage  C connect  with 
the  steam  passage  x,  and  the  port  b and  passage  B connect 
with  the  steam  passage  t in  the  valve  seat  of  each  engine. 
With  the  reversing  valve  in  the  position  shown  in  Fig.  31  (/?), 
the  live  steam  is  admitted  through  x into  the  central  cavity 
of  the  steam  valves,  while  exhaust  takes  place  through  t.  It 
is  thus  seen  that  the  valves  are  now  indirect.  When  the 
reversing  valve  takes  the  position  shown  in  Fig.  31  (<'/), 
the  live  steam  passes  through  b and  B and  through  t into 
the  steam  valves,  while  now  the  exhaust  steam  passes 
through  X into  the  cavity  h of  the  reversing  valve,  and  thence 
into  c and  /*,  and  finally  into. the  atmosphere.  In  this  posi- 
tion the  steam  valves  act  as  direct  valves  and  give  a motion 
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to  the  engines  contrary  to  that  obtained  when  the  valves 
act  as  indirect  valves. 

86.  There  is  no  brake  shown  on  this  machine.  The 
worm  having  a sufficiently  low  pitch  to  make  it  self-locking, 
a brake  is  often  dispensed  with.  When  used,  however,  it 
consists  of  a wooden  brake  shoe,  which  is  pressed  against 
the  wheel  by  means  of  springs  and  released  by  live  steam. 


Fig,  32. 

87.  In  the  machine  shown  in  Fig.  32,  which  is  a belt  and 
spur-gear  steam  elevator  built  by  the  Otis  Elevator  Company, 
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a rotary  reversing  valve  is  used.  Its  action  is  much  the  same 
as  that  of  the  Otis  reversing  slide  valve  previously  described. 

88.  Fig.  33  is  an  illustration  of  a belt  and  spur-gear 
steam  elevator.  The  machine  is  built  by  the  Otis  Elevator 
Company  of  Chicago,  formerly  the  Crane  Elevator  Com- 
pany. The  same  kind  of  reversing  valve  is  used  in  it  as  in 


the  machine  shown  in  Fig.  31.  Among  the  controlling 
devices  in  this  machine  is  to  be  noted  the  heart-shaped 
brake  cam  C,  the  deep  notch  of  which  marks  the  central, 
or  non-driving,  position  of  the  controlling  mechanism. 

89.  Fig.  34  is  an  example  of  a belt  and  worm-geared 
elevator  built  by  The  Whittier  Machine  Company,  now  con- 
solidated with  the  Otis  Elevator  Company. 

90.  Motor  Safeties. — !Motor  safeties  are  provided  in  all 
cases,  either  in  the  shape  of  limit  stops  of  the  ordinary  yoke 
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type,  as  shown  in  Figs.  29  and  32,  or  of  special  design  with 
the  same  underlying  principle  as  shown  in  Fig.  31  {a), 

91.  The  device  used  in  the  machine  shown  in  Fig.  31 
has  some  additional  features,  and  is,  therefore,  shown  in 
detail  in  Fig.  35. 


The  winding-drum  shaft  carries  a pinion  /,  Fig.  35  (a), 
meshing  with  a gear  This  latter  gear  has  a second  pin- 
ion p\  which  is  solid  with  it  and  meshes  with  another  gear^' 
mounted  loosely  on  the  winding-drum  shaft.  This  gearing, 
which  is  similar  to  the  back  gearing  of  a lathe,  is  such  that 
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the  gear  will  make  less  than  one  revolution  for  the 
whole  number  of  revolutions  of  the  drum  shaft  necessary 
to  lift  the  car  to  the  top.  To  the  gear  is  attached  a 
drum  having  long  slots  [see  Fig.  31  (a)]  into  which  are 
fitted  adjustably  the  cams  c,  c',  shown  in  Fig.  31  (a)  and 
Fig.  35  (d),  (c),  and  (d).  These  cams  are  located  on  the 


Fig.  35. 

drum  d in  different  planes  and  have  two  or  more  steps, 
as  shown,  and  engage  eventually  each  one  of  two  spring- 
actuated  triggers  /,  f mounted  in  rockers  r,  r'  on  a stud  and 
in  planes  corresponding  to  those  of  the  cams.  One  of  the 
rockers,  which  are  rigidly  connected  to  form  one  piece,  has 
an  arm  to  which  is  connected  the  rod  v leading  to  the 
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valve  lever  m,  as  shown  in  Fig.  31  (d).  When  the  car 
reaches  the  top  or  bottom,  respectively,  of  the  hoistway, 
either  cam  c or  c\  as  the  case  may  be,  engages  its  particular 
trigger  t or  f and  pulls  or  pushes  the  valve  rod  v. 

Fig.  35  {b')  shows  the  position  of  the  various  parts  when  the 
car  is  about  midway  in  the  elevator  shaft.  Suppose  now 
the  car  to  go  up;  then,  as  it  nears  the  limit  of  its  upward 
travel,  the  cam  c’  will  engage  the  trigger  t'  with  the  first  one 
of  the  steps  and  thus  move  the  valve  rod  v until  the  trigger 
passes  over  the  first  step,  as  shown  in  Fig.  35  {c).  This  will 
slow  down  the  car;  on  a farther  motion  of  the  car  the 
second  step  of  the  cam  will  come  into  contact  with  the  trig- 
ger, pulling  the  valve  rod  still  farther,  thus  slowing  down 
the  car  still  more,  and  so  forth,  until  the  steam  valve  is 
entirely  closed  and  the  car  stops. 

92.  The  gradual  choking  off  of  the  steam  supply  by  the 
successive  steps  has  the  effect  that  with  a heavy  load  on 
the  car  the  latter  will  finally  reach  the  top  very  much 
slower  than  with  a light  load,  and  may  even  stop  short  of 
the  last  landing.  Conversely,  if  the  apparatus  is  so  adjusted 
that  with  a heavy  load  the  car  will  finally  stop  at  the  lowest 
landing,  it  may  do  so  with  a light  load,  but  only  very  slowly 
and  even  may  not  reach  the  landing.  The  apparatus  illus- 
trated in  Figs.  31  and  35  provides  for  these  conditions,  inas- 
much as  it  permits  the  operator  on  the  car  to  operate  the 
controlling  device  to  some  extent  even  after  the  automatic 
stop  has  performed  its  function.  This  is  accomplished 
by  making  the  triggers  /,  t'  spring  actuated.  The  springs 
will  not  yield  to  the  action  of  the  cams,  the  pressure  being 
a transverse  one,  but  they  will  yield  if  a pull  or  push, 
respectively,  is  exerted  on  the  valve  rod  v by  the  operator. 
Thus,  if  it  is  found,  for  instance,  that  after  the  cam  c' 
[see  Fig.  35  (r)]  has  acted  upon  the  trigger  t'  so  as  to  slow 
dov/n  the  car,  the  latter  moves  too  slowly,  the  operator  may 
pull  on  the  rod  v and  bring  it  into  the  position  shown  in 
Fig.  35  (</),  the  spring  of  said  trigger  permitting  this,  and 
thus  partly  reopen  the  steam  port. 
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93.  The  machine  shown  in  Fig.  33  has  a different 
arrangement  for  an  automatic  stop.  Back  of  the  disk  d is  3, 
plate  revolved  from  the  drum  shaft  by  a worm  and  gear 
(covered  in  the  illustration  by  the  case  c).  This  plate  has  a 
spiral  groove  that  moves  a stud  connected  to  the  disk  d in 
and  out  until  it  strikes  and  touches  on  adjustable  stops  and 
causes  the  disk  d and  lever  / to  turn  with  it,  thus  centering 
the  reversing  lever  r. 

94.  Slack-Cable  Safety. — Slack-cable  safeties  are  gen- 
erally provided  on  all  steam  elevators,  although  shown  only 
in  Figs.  32,  33,  and  34.  They  consist  in  all  cases  of  a rod 
running  across  the  under  side  of  the  winding  drum  and  so 
arranged  that  it  is  depressed  by  the  weight  of  any  loose 
cable  that  may  form.  When  so  depressed,  it  releases  a 
spring  or  weight,  which,  in  turn,  acts  upon  the  controlling 
device,  shutting  off  the  steam.  The  aforesaid  rod  is  seen  in 
Figs.  33  and  34  at  and  the  weight  at  iv.  In  Fig.  32,  the 
weight  IV,  when  released,  throws  in  a clutch  that  causes  the 
limit-stop  yoke  to  turn  the  valve  rock  shaft. 


OPERATION  AND  MAINTENANCE. 

95.  The  operation  of  a steam  elevator  is  exceedingly 
simple  and  at  once  familiar  to  every  one  able  to  run  a steam 
engine.  Too  great  care  cannot  be  bestowed  on  the  hoist- 
ing ropes  and  the  various  safety  appliances;  the  weights 
handled  by  steam  elevators  being  usually  great,  the  risk  to 
human  life  that  is  incurred  by  neglect  on  the  part  of  the 
engineer  is  correspondingly  great. 

90.  In  belt-geared  elevators,  attention  must  be  paid  par- 
ticularly to  the  driving  belt.  A breakage  of  this  belt,  it  will 
be  observed,  throws  the  car  and  all  there  is  upon  it  on  the 
car  safeties  with  disastrous  results  if  the  latter  should  prove 
inefficient.  An  elevator  belt  performs  a duty  much  more 
severe  than  ordinary  belting;  it  runs  over  a large  and  a 
small  pulley  and  under  an  idler  to  give  it  as  great  as  possi- 
ble an  arc  of  contact  on  the  small  pulley ; it  must  also  run  in 
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opposite  directions  alternately,  so  that  there  is  always  con- 
siderable slip.  Such  a belt  should,  therefore,  be  of  the  best 
quality  obtainable  and  should  be  well  cared  for.  The 
leather  used  should  be  genuine  oak-tanned  stock;  the  pieces 
should  be  cut  from  the  hide  in  such  a way  that  the  hide 
center  will  be  the  center  of  the  belt.  The  pieces  should  be  well 
stretched  before  being  made  up.  They  should  not  be  more 
than  50  inches  in  length,  including  laps,  and  should  be  joined 
by  a so-called  lock  lap,  making  a perfect  joint.  A straight 
lap  should  not  be  used  under  any  cireuinstances.  Besides 
being  of  best  quality,  the  cement  used  must  be  very  pliable 
on  account  of  the  short  turn  of  the  belt  under  the  idler  and 
over  the  small  pulley.  The  belt  should  be  riveted  as  a pre- 
caution against  a lap  becoming  loose,  so  that  the  rivets  may 
hold  the  defective  lap  together  until  it  is  discovered  and 
repaired. 

Lacing  belts  must  not  be  resorted  to,  as  the  laces  soon 
break,  due  to  running  over  the  small  pulley. 

It  is  recommended  by  elevator  men  to  give  the  belt  an 
occasional  dressing  with  castor  oil  to  keep  it  pliable. 


* cV: 
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ELECTRIC  ELEVATORS. 


IXTU01>UCT10^^. 

1.  Treating  elevators  in  the  order  of  their  development, 
the  hydraulic  elevator  would  follow  after  the  steam  elevator, 
because  the  electric  elevator  is  the  latest  competitor  in  the 
field.  Nevertheless,  as  most  electric  elevators  are  of  the 
drum  type,  and  therefore  similar  in  many  ways  to  hand, 
belt,  and  steam  elevators,  they  will  be  considered  before  the 
older  type. 


INDIRECT-CONNECTED  ELECTRIC  ELEVATORS. 


BEL.T-COXXECTEI>,  BEET-SIIIFTIXG  ELEVATORS. 

The  first  mode  of  application  of  the  electric  motor  to 
elevator  machinery  was  simply  a substitution  of  an  electric 
motor  for  whatever  kind  of  power  was  previously  used  for 
driving  the  line  shafting  of  an  ordinary  belt  elevator.  The 
motor  was  started  by  an  ordinary  main  switch  and  starting 
box  and  ran  continuously  in  one  direction,  the  elevator 
being  controlled  in  the  same  manner  as  other  belt  elevators. 
If  such  an  elevator  is  not  in  constant  use,  the  electric  motor 
must  be  stopped  and  started  frequently,  which,  with  an 
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ordinary  switch  and  hand  starting  box,  compels  the  operator 
to  go  to  the  starting  box  every  time  the  elevator  is  used. 
To  avoid  this,  the  switch  and  starting  box  are  operated  by  a 
hand  rope  running  through  the  car  in  the  same  manner  as 
the  shipper  rope,  or  to  avoid 'the  handling  of  the  two  ropes, 
the  shipper  rope  may  serve  both  for  shifting  the  belts  and 
for  operating  the  switch  and  rheostat. 


UEnT-CONNECTEi:),  BELT-SIIIETING,  REVERSIBLE-MOTOR 
ELECTRIC  ELEVATOR. 

3.  General  Deserixition. — By  introducing  a reversing 
switch  instead  of  the  single  switch,  the  motor  can  be 
reversed  by  reversing  the  current  in  the  armature.  The 
necessity  for  two  belts,  an  open  and  a crossed  one,  is  then 
obviated,  and  one  belt  between  the  countershaft  and  eleva- 
tor machine  is  sufficient,  this  belt  being  shifted  from  a loose 
pulley  to  a tight  one  to  start  the  car  in  either  direction, 
that  is,  up  or  down. 

4.  Belt-shifting  electric  elevators  being  nothing  but 
combinations  of  belt  elevators  with  an  electric  motor,  we 
can  confine  our  remarks  with  respect  to  the  various  parts 
of  these  elevators  to  motors  and  controlling  devices,  all  the 
other  parts  being  the  same  as  in  ordinary  belt  elevators. 

5.  Motors. — For  belt-shifting  elevators,  continuous-cur- 
rent, constant-potential,  shunt-wound,  single-speed  motors 
are  generally  used,  and  since  the  motor  starts  without  load, 
no  rush  of  current  that  might  injure  the  armature  takes 
place  at  starting.  Any  kind  of  alternating-current  motor 
may  be  used  for  belt-shifting  elevators  when  the  motor  runs 
continuously.  When,  however,  the  motor  is  to  be  stopped 
and  started  frequently,  polyphase  synchronous  motors  or 
induction  motors  must  be  used,  because  these  motors  will 
start  by  themselves,  while  single-phase  motors  will  not. 

6.  Controlling  Devices. — Aside  from  the  belt  shifters 
in  belt-shifting  elevators,  the  power  control  consists  of  a 
switch  and  a rheostat.  For  combinations  in  which  the 
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motor  runs  continuously  in  one  direction  and  is  started  and 
stopped  only  occasionally,  the  ordinary  switch  and  starting 
box  operated  by  hand  are  sufficient.  If,  however,  the 
switch  and  rheostat  are  to  be  operated  by  a hand  rope  or 
other  operating  device  from  the  car,  special  mechanisms 
become  necessary,  since  the  simple  pull  on  the  hand  rope 
cannot  give  the  necessary  motions.  To  prevent  a possible 
damaging  rush  of  current  in  starting  such  an  electric  motor 
as  is  used  in  elevator  work,  the  main  switch  is  closed  with 
all  the  starting  resistance  in  the  armature  circuit,  which 
resistance  is  then  gradually  cut  out  as  the  speed  of  the 
motor  increases,  until  the  motor  is  finally  (when  running,  at 
its  normal  speed)  connected  directly  to  the  mains.  After 
stopping,  this  resistance  should  all  be  in  again,  so  as  to 
make  the  apparatus  ready  for  the  next  start;  and  since 
starting  may  follow  quickly  upon  stopping,  this  restitution 
of  the  apparatus  to  its  starting  conditions  after  stopping 
must  be  effected 
quickly.  When  the 
switch  and  starting 
box  are  manipulated 
by  hand,  the  above 
requirements  can  be 
easily  fulfilled,  but 
not  when  they  are 
operated  together 
from  a hand  rope. 

To  obtain  the  . re- 
quired motions,  va- 
rious contrivances 
have  been  devised 
and  are  largely  used. 

A few  examples  are 
given. 

7.  Meclianically 
Operated  Rheo- 
stats. — The  most 
natural  way  to 


Fig.  Ic 
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gradually  cut  out  the  starting  resistance  as  the  speed  of  the 
motor  increases  is  to  mechanically  connect  the  starting  box 
to  the  motor  shaft.  Fig.  1 shows  an  apparatus  made  by  the 
Automatic  Switch  Company  and  designed  to  be  used  with 
motors  running  always  in  one  direction,  that  is,  in  our  case, 
with  an  indirect-connected  or  belt-shifting,  non-reversible 
elevator  machine.  The  pulley  P is  belted  to  a smaller  pulley 
on  the  motor  shaft  or  countershaft  and  drives  a shaft  .S 
having  formed  on  it  a two-toothed  pinion  /.  When  the 
motor  is  running,  a rack  R is  drawn  into  mesh  with  the 
pinion  / by  means  of  an  electromagnet  E energized  by  a 
coil  in  shunt  with  the  motor  circuit.  As  soon  as  the  cir- 
cuit is  closed  and  the  motor  commences  to  revolve,  the 

rack  ascends  and  with 
it  the  contact  bar  B that 
is  carried  on  its  upper 
end.  The  contact  bar 
passes  successively  over 
the  contacts  C,  gradu- 
ally cutting  out  resist- 
ance. As  soon  as  the 
current  is  broken,  the 
magnet  is  deenergized 
and  the  contact  arm 
drops  back,  the  rack  R 


Fig.  2. 


springing  out  of  gear  with  the  pinion. 


8.  In  connection  with  the  starter  shown  in  Fig.  1,  a 
simple  snap  switch  is  used,  such  as  is  shown  in  Fig.  2;  the 
action  of  this  will  be  readily  understood.  It  is  operated 
either  by  hand  or  by  a separate  hand  rope  or  cord  running 
parallel  to  the  shipper  rope  in  the  hoistway. 


9.  Fig.  3 is  a diagram  of  an  installation  using  the  start- 
ing box  shown  in  Fig.  1.  Fig.  4 is  a diagram  of  the  connec- 
tions; this  will  prove  useful  to  engineers  wishing  to  drive 
existing  belt  elevators  by  an  electric  motor. 

10.  In  case  a belt-shifting  elevator  is  to  be  run  with  a 
single  belt,  the  motor  must  be  reversible.  A reversing 
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switch  is  then  used  instead  of  the  single  snap  switch  shown 
in  Fig.  2.  Such  a reversing  switch,  made  by  the  Automatic 
Switch  Company,  is  shown  in  Fig.  5,  which  also  gives  a 
diagram  of  the  connections.  The  reversing  switch  has 


Fig.  2 

tour  sets  of  contacts  a,  a\  //,  each  consisting  of  three 
clips,  and  two  blades  B and  B\  which  are  insulated  from 
each  other.  The  clips  are  connected  with  the  terminals 
of  the  various  parts  (motor  armature,  field,  resistance, 


and  starter  magnet),  as  shown.  When  the  switch  is 
pulled  up,  blade  B connects  the  three  clips  at  a and 
blade  B'  connects  the  three  clips  at  h.  This  allows  the  cur- 
rent to  flow  through  the  armature,  the  shunt  field,  and  the 


6 


ELEVATORS. 


§38 


resistance,  and  the  elevator  ascends.  When  the  reversing 
switch  is  pulled  down,  B connects  the  three  clips  at  a' 
together  and  B'  connects  the  three  clips  at  b’ . This 

reverses  the  flow  of  the  current  through  the  armature, 
because  the  wires  on  the  switch  that  connect  the  upper  and 
lower  horizontal  clips  are  crossed;  the  current  in  the  shunt 
field  flows  in  the  same  direction,  no  matter  whether  the 
switch  is  up  or  down;  hence,  pulling  down  the  switch 


reverses  the  motor.  The  terminals  of  the  armature  resist- 
ance are  shown  at  1 and  S and  ^ are  the  terminals  of  the 
magnet  that  throws  the  rack  into  and  out  of  gear.  With 
this  explanation  the  student  will  be  able  to  trace  the  path  of 
the  current  without  difficulty. 

11.  It  is  often  observed  on  opening  the  circuit  that 
there  is  considerable  sparking  at  the  clips  connected  to  the 
shunt  field.  This  is  due  to  the  self-induction  of  the  field. 
To  reduce  this  sparking,  it  is  a good  plan  to  connect  across 


ELEVATORS. 


7 


§38 

the  shunt  a series  of  incandescent  lamps  having  a combined 
voltage  of  from  6 to  8 times  that  of  the  line  current;  that  is, 
in  case  a 110-volt  lighting  current  is  used,  a series  of,  say, 
four  220-volt  lamps  is  inserted,  through  which  the  induction 
current  of  the  field  is  discharged.  Since  the  starter  is  belted 
to  the  machine  or  countershaft,  it  will  be  reversed  with  it ; 
it  must,  therefore,  be  so  arranged  that  it  will  lift  the  cross- 
bar A,  Fig.  1,  no  matter  in  which  direction  the  motor  runs. 
This  is  done  in  this  kind  of  starter  by  substituting  for 
the  two-toothed  pinion  I an  eccentric  operating  a pawl. 
Otherwise  the  ‘‘  reversible  starter  ” is  the  same  as  the  “ non- 
reversible  ” one. 

12.  Another  kind  of  mechanically  operated  starter  is 
shown  in  plan  and  elevation  in  Fig.  6.  It  is  made  and 
patented  by  the  Otis  Elevator  Company.  Its  action  is  dif- 
ferent from  the  apparatus  described  in  the  foregoing  article 
in  so  far  that  it  is  not  connected  mechanically  to  the  motor 
or  countershaft  but  to  the  main-switch  spindle,  and  the 
gradual  cutting  out  of  resistance  is  obtained  by  a dashpot. 
The  following  description  is  taken  from  the  patent  specifi- 
cations : 

A box  A contains  in  its  rear  part  A'  resistance  coils,  and 
in  its  front  part  the  operating  mechanism,  the  essential  fea- 
tures of  which  consist  of  a snap  switch  an  arm  2 for  oper- 
ating the  snap  switch,  and  a brush-carrying  arm  3^  which 
brush  operates  in  connection  with  a resistance  device  ^(9;  the 
brush  arm  3 is,  in  the  present  instance,  provided  with  a coun- 
terbalance 9 and  controlled  by  a dashpot  4;  arm  3 is  mounted 
on  a shaft  5,  by  means  of  which  it  is  operated  in  the  manner 
described  later. 

The  switch  1 comprises  essentially  a knife  blade  7, 
mounted  on  a pivot  d,  adapted  to  engage  and  disengage 
the  contacts  8^  8,  and  connected  to  this  knife  is  a cam  16  hav- 
ing a notch  17,  into  which  projects  the  end  of  the  arm  2 for 
moving  the  cam;  the  cam  is  further  provided  with  recesses 
and  projections  18,  with  which  a spring  catch  15  cooper- 
ates, under  the  stress  of  a spring  15’  for  holding  the  switch 


Fig.  6. 
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in  different  positions  and  for  making  it  complete  its  move- 
ments after  it  has  been  started,  so  as  to  produce  the  sudden 
engagement  and  disengagement  in  the  manner  well  known 
in  connection  with  snap  switches.  The  arm  2 is  rigidly 
connected  to  the  shaft  5 so  as  to  move  therewith,  while  the 
brush-carrying  arm  3 is  loosely  mounted  on  the  shaft  5 ; inter- 
posed between  the  two  arms  is  a catch,  or  stop,  so  arranged 
that  the  arm  2 may  move  independently  of  the  arm  3 when 
the  parts  are  in  one  position,  but  when  it  is  moved  in  the 
opposite  direction  and  the  arm  3 is  in  another  position,  they 
will  move  together.  This  catch  consists  of  a projection  2' 
on  the  hub  of  the  arm  2 working  in  a slot  3'  in  the  hub  of 
the  brush-carrying  arm  3. 

The  brush-carrying  arm  3 carries  a brush  11  adapted  to 
bear  on  the  resistance-contact  device  id,  and  the  contacts 
are  arranged  so  that  the  contact  12  will  permit  a consider- 
able movement  of  the  brush  before  any  of  the  resistance  is 
cut  out.  While  the  contacts  13  are  connected  by  the  resist- 
ances in  box  compartment  A'  in  the  usual  way,  the  con- 
tact 11^.  is  connected  directly  with  the  line ; so  that  while  the 
brush  is  on  the  contact  12  all  the  resistance  is  included  in 
the  circuit,  and  as  it  sweeps  over  contacts  13  more  or 
less  of  the  resistance  is  cut  out  until  it  bears  on  the  con- 
tact llf^  when  all  the  resistance  is  out  of  the  circuit.  This 
resistance  device  10  is  made  on  the  arc  of  the  circle  and  is 
adjusted  in  the  box  by  means  of  lugs  and  bolts  engaging 
slots  in  the  frame  of  the  box. 

In  the  figure,  the  circuit  is  shown  open  and  all  the  resist- 
ance is  included  in  the  circuit,  the  catch  2'  bearing  on  one 
side  of  the  slot  3'  of  the  brush-carrying  arm  o,  holding  the 
parts  in  the  position  shown.  If,  now,  the  shaft  5 is  turned 
in  the  direction  of  the  arrow,  that  is,  to  start  the  motor,  the 
arm  2 operating  through  the  cam  10  will  move  the  switch 
blade  7 so  as  to  engage  the  contacts  cV,  the  spring  catch  15 
riding  over  the  projection  18  and  tending  to  complete  the 
throw  of  the  switch  arm  as  it  enters  the  adjacent  depression 
on  the  other  side  of  the  projection  i<9,  making  a snap  switch. 
The  catch  2'  moves  through  the  slot  3'  and  leaves  the 
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brush-carrying  arm  3 free  to  move,  which,  under  the  influence 
of  the  counterbalance  .9,  it  commences  to  do  at  once,  but  its 
movement  is  retarded  more  or  less  by  the  dashpot  The 
parts  are  so  arranged  that  before  the  brush  11  moves  off 
the  resistance  contact  12,  the  switch  1 has  closed  the  circuit 
through  the  contacts  8 and  the  brush-carrying  arm  moves 
gradually  over  the  resistance  contacts,  cutting  them  out, 
until  the  brush  11  bears  on  the  contact  I4,  by  which  time 
the  motor  has  come  up  to  speed.  When  the  shaft  S is  turned 
in  the  direction  opposite  the  arrow,  that  is,  to  stop  the  motor, 
the  projection  2'  bears  on  the  side  of  the  slot  3'  so  that  as 
the  arm  2 is  turned  to  open  the  switch  1,  the  brush  11  is 
moved  over  the  resistance  contacts,  insuring  the  inclusion 
of  the  resistance  in  the  circuit.  It  will  be  noted  that  the 
slot  17  in  the  cam  16  is  of  such  dimensions  as  to  permit  the 
inclusion  of  a greater  part  of  the  resistance  contacts  before 
the  knife  blade  7 is  actually  moved  from  the  contacts  <5*. 

13.  Solenoid  Rlieostats. — 
Instead  of  the  weight  9, 
Fig.  6,  a solenoid  is  used  in 
many  starting  devices.  This 
permits  the  rheostat  to  be 
mounted  separate  from  the 
switch,  no  mechanical  connec- 
tion between  the  two  being 
required.  The  switch  alone 
is  mechanically  operated  by 
the  hand  rope  or  other  oper- 
ating device.  Fig.  7 shows 
one  form  of  solenoid  rheostat, 
as  manufactured  by  the  Elek- 
tron  Manufacturing  Company. 
The  armature  current  enters 
at  the  binding  post  1,  whence  it 
goes  to  the  contact  arm  A, 
through  the  series  of  resist- 
ances R,  and  out  at  the  binding 
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post  The  solenoid  current,  taken  from  the  main  switch, 
enters  at  binding  post  3,  goes  through  the  windings  of  the 
solenoid  5,  and  leaves  at  binding  post  2.  As  soon  as  the  main 
switch  is  closed,  the  solenoid  is  energized  and  draws  in  the 
iron  plunger  A,  raising  the  arm  A,  and  thus  making  the  con- 
tact piece  at  the  end  slide  over  the  sectors  R'  of  the  rheostat 
and  cutting  out  resistance  from  the  armature  circuit.  In 
order  that  this  may  be  effected  gradually,  the  other  end  of 
the  arm  A is  connected  by  a rod  with  a piston  fitting  in  a 
dashpot  D.  In  moving  downwards,  this  piston  must  dis- 
place the  air  in  the  dashpot,  and  the  speed  with  which  this 
may  be  done  is  regulated  by  the  stop-cock  C.  To  bring  the 
apparatus  back  to  its  original  position  at  the  breaking  of  the 
circuit,  the  piston  end  of  the  arm  is  provided  with  a spring  I 
that  is  put  in  tension  while  the  resistance  is  cut  out.  On 
opening  the  circuit,  the  spring  pulls  up  the  arm  and  dashpot 
piston,  and  in  order  that  this  may  be  effected  quickly  the 
dashpot  has  a relief  valve  that  will  open  while  the  piston  is 
going  up. 

14,  The  apparatus  described  in  the  foregoing  articles  as 
applicable  to  belt-shifting  elevators  are  used  for  a number 
of  other  purposes,  among  which  their  connection  with 
electrically  driven  pumps  for  hydraulic  elevators  is  of 
special  interest. 


DIRECT-COXIS^ECTED  ELECTRIC  ELEVATORS. 


DIRECT-CONNECTED,  BELTED  ELECTRIC  ELEVATOR. 

15.  The  second  step  taken  in  the  development  of  the 
electric  elevator  was  the  elimination  of  the  countershaft  and 
the  tight  and  loose  pulley,  and  the  substitution  therefor  of  a 
belt  connecting  the  motor  directly  with  the  elevator  machine. 
The  mechanisms  used  in  belt  elevators  for  shifting  the  belt 
then  became  superfluous.  Although  the  elimination  of  the 
countershaft  seems  a small  and  natural  step  to  take,  it  makes 
a great  change  in  the  working  conditions  of  the  elevator, 
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since  in  the  belt-shifting  types  the  motor  starts  without 
load,  which  is  applied  only  after  the  motor  has  attained  its 
normal  speed ; while  in  the  direct-connected  type,  the  motor 
must  start  under  load.  There  is  nothing  gained  by  having 
the  motor  and  the  elevator  separate  and  belted  together, 
and  therefore  direct-connected  belted  elevators  are  never 
used;  they  are  described  here  only  to  help  us  to  arrive 
gradually  at  the  form  of  elevator  now  commonly  used. 


DIRECT-CONNECTED  ELEVATORS. 

16.  Connection  of  Motors  and  Machines. — The  work- 
ing conditions  of  the  direct-connected  belted  elevator  are 
not  changed  when  the  motor  is  coupled  directly  to  the  shaft 
of  the  elevator  machine,  and  in  the  modern  type  of  electric 
elevator  this  is  always  done,  the  motor  being  mounted  on  the 
same  base  with  the  machine. 

17.  Motors. — Since  in  direct-connected  electric  ele- 
vators the  motor  must  start  under  load  and  must,  therefore, 
have  a strong  torque,  it  must  also  get  up  speed  rapidly 
though  gradually.  Of  these  two  conditions  the  last-named 
one  is  fulfilled  by  peculiar  controlling  devices  that  are 
described  below,  while  the  first-named  one  is  fulfilled  by  the 
construction  of  the  motor  itself,  which  is  generally  of  the 
compound-wound  type — a series-field  coil  serving  to  give 
the  necessary  torque  at  starting  and  the  shunt  coil  steady- 
ing the  field.  The  series  coils  are  generally  cut  out  when 
the  motor  has  attained  normal  speed,  after  which  the  motor 
runs  as  a simple  shunt-wound  motor. 

Of  alternating-current  motors,  only  the  two-phase  or 
three-phase  induction  motors  prove  satisfactory  for  direct- 
connected  electric  elevators,  since  they  will  start  under  load 
with  sufficient  torque.  These  motors  behave,  as  far  as  their 
aetion  in  the  elevator  combination  goes,  just  like  shunt- 
wound  continuous-current  motors. 

18.  Traiismittinjy  Devices. — The  transmitting  devices 
between  the  motor  and  car  consist,  with  few  exceptions,  of 
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worm-gearing,  drum,  and  rope.  The  worm-shaft  is  almost 
invariably  coupled  to  the  motor  shaft  by  a flange  coupling, 
serving  at  the  same  time  as  a brake  pulley.  Both  single 
worm-  and  double  worm-gearing  are  used,  as  will  be  seen  from 
the  illustrations  given  farther  on,  the  double  worm  being 
used  mostly  on  heavy  machines,  to  avoid  the  end  thrust  of 
the  worm-shaft.  Such  heavy  machines  are  also  frequently 
provided  with  back  gearing.  Ordinarily,  however,  single 
worm-gearing  is  used,  great  care  and  ingenuity  being  dis- 
played in  the  design  of  the  step  bearings  for  the  worm. 

19.  Coiiiiterbalancin^. — Direct-connected  electric  ele- 
vators of  the  drum  type  are  always  overbalanced. 

Controlling-  Devices. — The  power  control  of  direct- 
connected  electric  elevators  is  entirely  electrical,  there 
being  no  belts  to  shift  or  similar  mechanical  operations 
to  perform;  but,  besides  breaking  the  current,  the  motor 
must  be  reversed.  Hence,  besides  the  simple  snap  switch 
and  rheostat  already  mentioned  in  connection  with  belt- 
shifting  electric  elevators,  a reversing  switcli  or  pole 
clianger  is  needed. 

In  elevator  practice,  the  complete  apparatus  necessary  to 
control  the  electric  motor — the  i>o\ver  control,  as  we  have 
called  it — is  called  a controller,  especially  if  the  various  parts 
of  it  are  built  together  in  such  a way  as  to  make  a separate, 
self-contained  piece  of  machinery.  A number  of  different 
forms  of  such  controllers  are  used  by  the  various  manufac- 
turers of  electric  elevators,  and  they  will  be  described  with 
the  various  designs  shown. 

21.  Brakes. — The  braking  arrangements  used  are  either 
entirely  mechanical,  that  is,  such  as  are  used  in  connection  • 
with  belt  and  steam  elevators,  or  electrical  mechanical,  or 
wholly  electrical. 

22.  Operating  Devices. — In  the  majority  of  electric 
elevators  the  operating  devices  are  mechanical,  such  as  hand 
ropes,  hand  wheels,  and  levers.  Electrical  operating  devices 
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are  being  introduced,  however,  with'  success  in  connection 
with  the  magnet  system  of  control,  which  is  described  later. 

23.  Motor  Safeties. — Motor  safeties  are  used  in  various 
forms;  they  are  either  mechanical  or  electrical  or  both. 


EXAMPLES  OF  ELECTRIC  ELEVATORS. 


INTRODUCTION. 

24.  The  examples  of  electric  elevators  here  given  do 
not  represent  all  the  various  designs  in  the  market,  nor  does 
the  order  in  which  they  are  described  indicate  any  superiority 
of  design  of  one  make  over  another.  A careful  study  of 
these  will  give  a person  enough  insight  into  the  construction 
and  operation  of  this  class  of  machinery  to  enable  him  to 
handle  other  makes  of  machines. 


ELEKTRON  ELEVATORS. 

25.  Motors. — Fig.  8 is  an  end  and  side  elevation  of  an 
electric  elevator  made  by  the  Elektron  Manufacturing  Com- 
pany. The  motor  is  the  well-known  Ferret  multipolar 
machine,  shunt-wound. 

26.  Transmitting  Devices. — The  transmitting  devices 
are  single  worm-gearing,  drum,  and  rope.  The  arrange- 
ment of  the  step  bearing  of  the  worm  is  shown  in  Fig.  9. 
Alternate  phosphor-bronze  and  steel  disks  are  used  to  dis- 
tribute the  wear.  The  worm-shaft  is  attached  to  the  motor 
shaft  by  means  of  a flange  coupling  A',  which  serves  at  the 
same  time  as  a brake  pulley. 

27.  Simi)le  Controller. — The  Elektron  Manufacturing 
Company  uses  various  kinds  of  controllers  for  various  kinds 
of  elevators.  The  simplest  arrangement  used  is  a double- 
throw switch  attached  to  the  hub  of  the  shipper  sheave  5, 
Fig.  8,  and  a solenoid  rheostat  placed  anywhere  conveniently 
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near  the  machine;  such  a rheostat  is  shown  in  Fig.  7 and 
another  form  in  Fig.  10. 


The  switch  consists  of  a casting  Fig.  8,  supported 
on  the  frame  of  the  machine  and  carrying  four  sets  of 
clips  C^,  and  C^',  to  which  the  necessary  line,  field, 
armature,  solenoid,  and  electric-brake  connections  are  made 
as  shown  below.  The  switch  blades  attached  to  the 

shipper  sheave  engage  the  clips  (7,,  or  for  the  up 

trip  and  the  down  trip,  respectively.  In  Fig.  8 the  blades 
are  shown  in  their  neutral  position;  that  is,  when  the  ele- 
vator is  at  rest.  It  will  be  seen  that  to  start  the  elevator 
up  or  down,  the  sheave  with  the  blades  must  be  turned 
through  an  arc  of  135°,  the  clips  being  set  at  right  angles. 
This  long  travel  is  given  for  the  purpose  of  giving  the  rheo- 
stat arm  time  to  fall  back  into  its  starting  position  before 
the  current  in  the  armature  can  possibly  be  reversed ; it  also 
helps  to  reduce  sparking  and  hashing  at  the  clips. 

Ordinary  Brake. — The  brake  used  in  these  machines 
is,  for  ordinary  service,  a simple  mechanical  one,  which  is 
released  by  a cam  on  the  shipper  sheave  through  a system  of 
levers  and  applied  l)y  a weight,  as  with  belt  elevators.  For 
passenger  service,  an  electrical-mechanical  brake  is  used, 
which  is  released  by  an  electromagnet  and  applied  by 
gravity.  This  arrangement  is  shown  in  Fig.  8,  in  which 
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the  brake  magnet  is  marked  />;  the  rapidity  of  action  of 
the  same  is  regulated  by  a dashpot  D. 


29.  Fig.  11  is  a diagram  of  the  electrical  connections 
between  the  switch,  rheostat,  brake,  and  motor.  It  will  be 
useful  to  follow  out  these  connections.  The  lines  are  con- 
nected through  the  fuses  /',y'and  the  double-pole  switch  .y  to 
the  elevator  switch  at  the  binding  posts  and  L^.  Sup- 
posing the  blades  of  the  switch  to  be  thrown  to  the  right, 
that  is,  across  the  clips  and  and  the  current  to  enter 
at  the  binding  post  then  it  passes  first  to  clip  1 of  the 
set  Zj,  whence  it  divides  by  means  of  the  switch  blade 
among  the  clips  2^  3,  and  From  2 it  passes  to  binding 
post  Z^,  thence  through  the  field  windings  of  the  motor, 
back  to  the  binding  post  Z^,  thence  to  the  clip  b of  set 
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over  the  blade  crossing  this  set  of  clips  to  clip  thence  to 
binding  post  and  to  the  line,  thus  completing  the  shunt  cir- 
cuit for  the  field.  From  clip  S the  current  goes  to  the  binding 
post  Zg,  through  the  solenoid  windings  of  the  rheostat  R to 
the  binding  post  7\  of  the  rheostat  to  the  binding  post  of 
the  switch,  to  clip  c of  set  over  the  blade  to  the  clip 
to  the  binding  post  to  the  line,  thus  completing  the 
circuit  through  the  solenoid.  From  clip  the  current  goes 
to  binding  post  Z^,  thence  through  the  armature  of  the  motor 
to  the  binding  post  of  the  rheostat,  through  the  lower 
half  of  the  resistance,  through  the  rheostat  arm  and  the  upper 
half  of  the  resistance  to  binding  post  to  Z^,  <r,  Z^,  and 

line,  thus  completing  the  armature  circuit.  Throwing  the 
blades  to  the  left,  we  will  find,  in  following  oiit  the  three  cir- 
cuits again,  that  the  current  trayerses  the  field  circuit  in 
the  same  direction  as  before,  but  that  the  current  in  the 
armature  is  reversed,  thus  reversing  the  motor.  The 
electromagnet  windings  of  the  brake  are  in  shunt  with  the 
solenoid  circuit,  as  is  easily  seen  from  the  diagram. 

30.  The  operation  of  this  elevator  is  as  follows:  When 
the  shipper  sheave  is  thrown  over  to  the  right  or  left,  the 
brake  magnet  is  energized  and  tends  to  slowly  release  the 
brake,  since  the  dashpot  prevents  too  sudden  a release ; at 
the  same  time  the  solenoid  is  energized.  This  tends  to 
slowly  cut  out  the  resistance  from  the  armature  circuit; 
the  dashpot  prevents  too  quick  an  action,  and  it  is  so 
adjusted  that  all  the  resistance  will  be  cut  out  by  the 
time  the  motor  reaches  its  normal  speed.  Upon  breaking 
the  circuits,  the  brake  is  at  once  applied  and  the  resistance 
arm  drops  back  into  its  original  position,  ready  for  another 
start. 

31.  Dynamic  Brake.  — On  high-speed  elevators,  in 
order  to  get  a particularly  smooth  stop,  the  Elektron  Man- 
ufacturing Company  uses,  in  addition  to  the  electrical- 
mechanical  brake,  a so-called  dynamic  brake,  which,  indi- 
cated in  Fig.  8 at  Z,  is  usually  placed  on  a bracket  between 
the  shipper  sheave  and  worm-gear  case.  It  is  shown  in 
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detail  in  Fig.  12  and  consists  of  a switch  lever  Z,  actuated 
by  a cam  on  the  operating  sheave,  and  a variable  resistance. 


This  resistance  is  so  connected  to  the  system  that  the  arma- 
ture is  short-circuited  through  it  immediately  after  the  cir- 
cuit from  the  line  is  broken  to  stop  the  elevator,  thus  acting 
as  a stopping  resistance,  the  motor  acting  as  a dynamo  and 
sending  a current  through  the  resistance.  This  has  the 
effect  of  slowing  the  motor  down  quickly  but  smoothly,  like  a 
brake,  and  more  smoothly  than  an  ordinary  frictional  brake. 
The  smoothness  of  the  stop  is  made  still  more  marked  by 
the  resistance  being  gradually  cut  out  of  the  armature  short 
circuit  as  the  motor  slows  down,  the  cam  operating  the 
lever  L being  so  constructed  as  to  first  cut  in  all  the  resist- 
ance at  the  instant  the  main  circuit  is  brokep ; on  being 
turned  farther  by  the  operator,  the  switch  lever  is  caused  to 
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brush  over  the  resistance  contacts,  thus  gradually  cutting 
the  resistance  down  to  zero.  Of  course  this  short  circuit  is 
opened  before  the  elevator  is  started  again.  As  has  been 
said,  the  dynamic  brake  is  used  only  in  addition  to  the  ordi- 
nary brake,  the  latter  being  necessary  to  hold  the  car  sta- 
tionary after  it  has  been  stopped. 

32,  Fig.  13  shows  diagrammatically  the  connections 
when  the  dynamic  brake  is  used.  The  field  must  necessa- 
rily remain  excited  after  the  armature  circuit  is  broken  and 
the  armature  short-circuited,  in  order  to  make  the  motor 
act  as  a dynamo.  The  field  is,  for  the  sake  of  simplicity, 
kept  excited  all  the  time,  but  in  order  to  cut  down  the 
current  thus  constantly  wasted  while  the  elevator  is  stand- 
ing still,  a resistance  is  inserted  in  the  fields.  When  the 
elevator  is  started,  this  resistance  is  short-circuited,  thus 
giving  the  fields  the  full  current  due  to  its  windings  and, 
consequently,  the  full  torque  available.  When  the  elevator 
is  stopped,  the  resistance  is  cut  in,  choking  the  field  current, 
but  leaving  it  strong  enough  to  give  sufficient  magnetism 
to  get  a dynamic-brake  effect. 

33.  Speed  Regrulntingr  Controller. — Another  type  of 
controller  used  by  the  Elektron  Manufacturing  Company  is 
shown  in  Figs.  14:  and  15,  while  the  diagram  of  connections 
is  given  in  Fig.  IG.  It  is  evident  that  the  combinations 
described  in  the  previous  article  do  not  allow  of  any  regula- 
tion of  speed,  the  motor  being  simply  shunt-wound  with 
an  unchangeable  field.  The  purpose  of  the  arrangement 
now  to  be  described  is  to  give  speed  regulation,  which  is 
accomplished  by  a changeable  resistance  in  the  field.  .The 
controller  is  mechanically  operated. 

As  seen  in  Fig.  14,  there  are  two  cams  / and  //operating 
the  armature  and  field-resistance  arms  and  respect- 
ively. Both  arms  are  provided  with  dashpots  //,^  and 
Two  more  cams  III  and  /F,  shown  in  Fig.  15,  operate  the 
reversing  switch,  or  .pole  changer,  F;  the  one  cam  is 
intended  to  throw  the  switch  for  going  up  and  the  other  for 
going  down.  While  not  visible  in  the  illustrations,  there 
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are  other  cams  that  operate  various  knife  switches.  All 
these  cams  are  mounted  on  the  shipper-sheave  shaft  A 
The  brake  is  the  same  as  in  the  previous  design. 


34.  Fig.  16  is  a diagram  of  the  connections  for  this 
controller.  (a)  shows  the  external  connections  between 
motor,  brake,  and  connection  board  B;  (I?)  gives  the  internal 
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connections  between  the  connection  board  B and  the  various 
clips  and  resistance  blocks  inside  the  controller.  By  swing- 


ing the  shipper  sheave  to  the  right  or  left,  switch  blades  con- 
nect the  clips  a and  c and  and  c and  completing  the 
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circuits.  Thus,  supposing  the  current  to  enter  the  system 
from  the  line  at  the  binding  post  1,  it  goes  to  the  clip  e,  over 
a blade  or  knife  to  the  clip  thence  to  the  pivot  of  the  pole 
changer,  where  it  divides.  One  branch  goes  through  the 
pole-changer  arm  r,  and  the  armature  resistance  to  binding 
post  thence  through  the  armature  back  to  the  binding 
post  thence  through  the  other  pole-changer  arm  to  the 
pole-changer  pivot  to  the  clip  over  the  knife  to  the 
clip  thence  to  the  binding  post  Jf,  and  back  to  the  line, 
thus  completing  the  armature  circuit.  The  other  branch  of 
the  circuit  goes  from  to  the  binding  posts  5 and  d,  which, 
in  turn,  are  connected,  respectively,  to  the  brake-magnet  cir- 
cuit and  the  shunt-field  magnet  circuit.  The  other  terminal 
of  the  brake-magnet  circuit  is  connected  to  the  binding 
post  7,  whence  the  current  flows  over  clips  c and  <7,  and  b 
and  a to  the  binding  post  and  back  to  the  line.  The 
other  terminal  of  the  field  circuit  is  connected  to  the  bind- 
ing post  8,  whence  the  current  flows  through  the  field 
resistance  to  post  Jf,  and  back  to  the  line. 

35.  The  cam  /,  Fig.  14,  on  the  shipper-sheave  shaft  is  so 
arranged  that  after  the  circuits  are  closed  the  armature- 
resistance  arm  is  free  to  move,  which  it  does  slowly  under 
the  retarding  influence  of  the  dashpot  /!„,  gradually  cutting 
out  resistance  until  at  the  normal  speed  of  the  motor  all  resist- 
ance is  cut  out.  After  turning  the  shipper  sheave  a little 
farther,  the  cam  II  controlling  the  field-resistance  arm  Af 
is  released,  but  is  retarded  by  the  dashpot  Dj-.  Thus  the  field 
resistance  is  slowly  cut  in^  weakening  the  field  and  speeding 
up  the  motor. 

30.  Another  pair  of  clips  g and  //,  Fig.  1 6,  is  so  connected 
that  when  a switch  blade  is  thrown  across  them,  the  arma- 
ture is  short-circuited  through  the  stopping  resistance.  This 
switch  g h is  closed  and  the  armature  short-circuited  when 
the  other  circuits  are  opened. 

37.  Motor  Safeties. — The  usual  motor  safeties,  viz., 
limit  stops  and  slack-cable  safety,  such  as  we  have  met  in 
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connection  with  belt  and  steam  elevators,  are  used  in  the 
Elektron  elevators.  Their  arrangement  is  shown  in  Fig.  15. 

38.  Another  motor  safety  used  is  in  the  shape  of  a switch 
controlled  by  a centrifugal  governor  running  in  unison  with 
the  car,  and  which  opens  a switch  in  the  brake  circuit  when 
the  car  attains  undue  speed.  This  safety  is  indicated  at  V 
in  Figs.  11  and  IG,  and  is  connected  in  series  with  the  brake 
solenoid  by  opening  the  solenoid  circuit  at  point  / and  insert- 
ing switch  F,  as  indicated  by  the  dotted  lines. 


SEE  ELECTRIC  ELEVATORS. 

39.  Motors. — Fig.  17  shows  one  of  the  standard  machines 
built  by  the  A.  B.  See  Manufacturing  Company.  A bipolar, 
drum-armature,  compound-wound  motor  is  used. 

40.  Transmitting?  Devices. — Among  the  transmitting 
devices,  the  step  bearing  shown  in  Fig.  18  is  of  peculiar  con- 
struction. Both  steps,  that  for  the  up  trip  and  that  for  the 
down  trip,  are  located  at  the  free  end  of  the  worm-shaft  and 
are  easily  accessible.  The  one  is  adjustable  by  means  of  the 
plug  P in  the  cap  C,  while  the  other  is  made  so  by  means  of 
the  nut  A^  on -the  threaded  free  end  of  the  shaft.  The  other 
end  of  the  worm-shaft  passes  through  a stuffingbox  S,  as  in 
other  machines.  The  worm  and  lower  part  of  the  worm- 
wheel  are  constantly  running  in  oil. 

41.  Controller. — The  controller,  as  shown  in  Fig.  17,  is 
placed  on  top  of  the  motor  and  consists  of  a box  with  three 
compartments,  one  of  which  is  accessible  from  doors  O,  and 
another  one  from  similar  doors  on  the  opposite  side.  The 
first,  shown  open  in  Fig.  19,  contains  the  main  reversing 
switch  Jf  and  three  snap  switches  A",  iV',  and  [/,  the  blades,  or 
knives,  of  the  latter  being  mounted  on  the  same  lever,  but 
insulated  from  one  another.  The  switches  are  operated  by  a 
bar  A,  which,  in  turn,  is  linked  to  the  rack  /v.  Fig.  17,  and 
operated  by  a pinion  A fastened  to  the  shipper  sheave  A. 
The  opposite  compartment  contains  a solenoid  dashpot,  a 
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resistance  lever,  and  resistance  contacts  very  much  the  same 
as  those  shown  in  Figs.  7 and  10.  The  third  compartment  is 
located  between  the  first-named  two  and  contains  resistance 
coils  of  German-silver  wire.  The  walls  of  the  compartments 


are  cut  away  wherever  they  are  not  needed  for  the  support  of 
contacts  or  mechanisms,  so  as  to  give  ventilation  to  the  resist- 
ance coils;  the  doors  and  sides  of  the  controller  are  per- 
forated, as  shown  in  Fig.  17,  for  the  same  purpose. 


Fig. 
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4:2,  Brake. — The  brake  used  in  this  machine  is  con- 
trolled mechanically  and  electrically.  A spring-cushioned 
push  rod  r,  Fig.  17,  is  operated  by  an  arm  fastened  to  the 
shipper  sheave  and  forces  the  brake  lever  down  to  apply  the 


6 


brake.  A solenoid  E holds  off  the  brake  as  long  as  there  is 
current  in  the  armature  with  which  the  solenoid  is  connected 
in  series.  A weight  W applies  the  brake,  when  the  current 
is  broken.  There  is  also  a dynamic-braking  effect,  the 
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armature  being  short-circuited  through  resistance  when 
current  is  shut  off  from  the  machine. 


43.  Motor  Safeties. — This  machine  is  particularly  well 
provided  with  motor  safeties.  Not  only  the  usual  traveling- 
nut,  limit-stop,  and  clutch-operating  slack-cable  safety  are 
provided,  but  an  extra  limit  switch  is  also  provided,  which 
breaks  the  current  through  the  armature  and  brake  solenoid 


at  the  limits  of  car  travel.  This  switch  j’.  Fig.  17,  located  on 
the  worm-gear  casing  below  the  drum  shaft,  is  spring  actuated 
and  tripped  by  a stop  on  a gear  which  is  one  of  a suitable 
train  of  gears  driven  from  the  drum  shaft.  The  weight  JV 
throws  in  the  clutch  that  connects  the  drum  shaft  with  the 
shipper  sheave  when  it  is  tripped  by  slack  cable. 
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44.  Electrical  Coiiiiectioiis. — Fig.  20  is  a diagram  of 
the  electrical  connections.  The  contact  pieces  are  marked 
in  the  diagram  the  same  as  in  Fig.  10.  The  circuits  for  the 
position  of  the  controller  shown  in  this  figure  are  as  follows. 

45.  Armature  Circuit. — In  the  armature  circuit  the 
current  passes  through  the  -f-  to  clip  S;  from  clip  3 to 
clip  4-  over  the  blade  of  the  switch ; from  clip  4 to  clip  10  ; 
and  from  clip  10  to  clip  18  over  the  switch  blade,  which  is 
open  only  when  the  car  overtravels  the  normal  limits  of 
travel;  from  clip  the  current  passes  through  the  series 
coil  of  the  electric  brake  to  clip  5 and  then  to  clip  6 over  the 
switch  blade;  from  clip  6 it  passes  through  the  series  field 
of  the  motor,  through  the  armature  resistance  and  series 
coils  on  the  armature  resistance  solenoid  to  clip  10  and 
then  to  clip  0 through  the  switch  blade ; from  clip  0 it 
passes  through  the  armature  to  clip  12  \ from  clip  12  to 
clips  13  and  14\  from  clip  I4  to  clip  7;  and  from  clip  7 to 
the  — side  of  the  line. 

46.  In  the  armature  circuit,  when  the  pole  changer  is 
reversed  from  the  position  shown  in  Fig.  19,  the  current 
passes  from  the  -f-  to  clip  3 and  then  to  clip  from 
clip  4 to  clip  10  and  then  to  clip  18  \ from  clip  18  to 
clip  5 and  to  clip  d;  from  clip  6 to  clip  10  and  on  to  clip  11  \ 
from  clip  11  to  clip  12  and  then  through  the  armature,  in  a 
reverse  direction,  to  clip  0 and  then  to  clip  8\  from  clip  8 to 
clip  7 and  then  to  the  — side  of  the  line. 

47.  Dynamic-Brake  Circuit. — AVhen  the  controller  is  in 
its  neutral  position,  that  is,  when  the  current  is  shut  off 
from  the  machine,  clips  1 and  2 are  bridged  by  the  switch 
blade  U and  the  motor  is  short-circuited  through  the  resist- 
ance, passing  from  clip  1 through  the  armature  and  then 
through  the  short-circuit  resistance  a to  clip  2. 

48.  Electric  Brake. — The  shunt  coil  of  the  electric  brake 
obtains  its  current  from  clip  77,  clips  77,  7d,  and  10  being 
bridged  by  one  switch  blade,  which  is  operated  by  the 
stop  motion  mentioned  in  Art.  43  and  which  stop  motion 
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automatically  breaks  connection  between  clips  17,  18,  and  19 
when  the  car  overtravels  its  normal  limits.  This  switch  is 
essentially  an  automatic  safety  switch,  for  it  not  only 
breaks  the  line  current  before  it  passes  through  the  arma- 
ture, but  also  breaks  the  current  flowing  through  the  shunt 
coils  of  the  brake  solenoid. 

The  -f  side  of  the  shunt  coil  is  connected  to  the  separate 
clip  17  instead  of  to  the  clip  18  in  order  that  upon  breaking  the 
circuit  the  armature  circuit  may  be  disconnected  from  the 
electric-brake  circuit,  thus  allowing  the  brake  to  act  at 
once.  Otherwise,  the  motor  still  running  would  send 
enough  current  through  the  shunt  coil  of  the  brake  solenoid 
to  keep  it  energized  and  thus  prevent  its  action.  The  elec- 
tric-brake circuit  is,  therefore,  from  clip  17  through  the 
shunt  coil  to  the  terminal  M' , and  from  M'  to  clip  8 or  13', 
from  clip  13  to  clip  Ilf,  or  from  clip  8 to  clip  7,  and  thence 
to  the  — side  of  the  line. 

49.  Path  of  Current  in  Starting  Box. — The  shunt  coil 
of  the  solenoid  D,  Fig.  20,  gets  its  current  from  clip  5; 
and  after  the  current  passes  through  the  coil  it  enters 
clip  21.  The  switch  blade,  or  knife,  that  bridges  clips  20, 
21,  22  is  drawn  out  of  contact  with  the  clips  when  the 
plunger  of  the  solenoid  reaches  the  end  of  its  travel,  when 
all  the  resistance  in  the  armature  circuit  is  thus  cut  out. 
Before  the  switch  blade  is  removed,  the  current  crosses 
on  it  to  clip  22',  from  clip  22  it  passes  to  clip  16,  and  thence 
to  clip  7,  whence  it  goes  to  the  — side  of  the  line. 

When  the  contact  is  broken,  the  current  is  forced  to 
pass  from  clip  21  to  and  through  the  resistance  d from  the 
terminal  M"  to  the  terminal  V ; from  the  terminal  V it 
passes  to  the  terminal  M' , then  to  clip  8,  and  so  on  to  the 
negative  side  of  the  line.  The  resistance  d is  introduced 
in  this  circuit  for  the  purpose  of  reducing  the  heating  in  the 
shunt  coil  and  to  reduce  the  current  consumption  after  the 
solenoid  has  done  its  maximum  work. 

50.  Field. — The  field  circuit  of  the  motor  is  as  follows: 
The  current  passes  from  the  line  to  clip  3 and  thence 
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through  the  field  to  the  terminal  F of  the  resistance  d. 
From  F it  passes  to  clip  20  and  thence  to  clip  22^  to 
clip  16^  to  clip  7,  to  the  negative  side  of  the  line.  When 
the  armature  resistance  is  all  cut  out,  contact  between 
clips  20^  21^  and  22  is  broken,  and  the  current  is  forced 
to  pass  through  the  portion  of  the  resistance  between  the 
terminals  F and  A to  the  negative  side  of  the  line,  provided 
the  parallel  connections  from  clip  15  to  clip  or  at  the 
limit  switch  from  clip  2S  to  clip  25,  are  broken.  This  resist- 
ance weakens  the  field  on  the  motor  and  causes  it  to  run 
at  a higher  speed.  The  contact  between  clips  2S  and  25  is 
automatically  made  and  broken  when  the  car  gets  within 
about  a floor  from  the  top  or  bottom  of  its  travel,  and  by  the 
same  stop  motion  that  operates  the  limit  switch.  When 
the  switch  blade  connects  clips  23  and  25,  the  resistance  in  the 
field  is  short-circuited ; the  field  strengthens  and  the  motor 
slows  down.  The  switch  blade  bridging  clips  15  and  id, 
although  situated  at  the  machine,  is  withdrawn  directly  by 
the  operator  in  the  car  during  the  last  few  inches  of  travel 
of  his  controlling  lever,  and  he  is  thus  enabled  to  weaken  the 
held  on  the  motor  and  run  at  a higher  speed,  but  only  after 
the  car  passes  the  first  floor  from  the  top  or  bottom  and 
after  all  the  resistance  is  cut  out  of  the  armature  circuit. 

51.  In  some  of  the  See  machines,  the  field  is  broken 
every  time  the  motor  stops.  Fig.  20  is  a diagram  of  a 
machine  where  the  field  is  on  all  the  time.  Whether  the 
held  is  to  be  left  o.n  or  off  is  determined  by  the  duty  of  the 
elevator.  When  the  high-speed  attachment  is  left  off,  a 
change  in  connections  from  those  shown  in  Fig.  20  is  made. 
Fig.  20  being  a diagram  of  connections  for  a high-speed  ele- 
vator running  250  feet  per  minute  and  over. 


OTIS  ETECTRIC  ELEVATORS. 

52,  Motor. — The  Otis  Elevator  Company  makes  a num- 
ber of  styles  of  electric  elevators.  They  are  all  of  the  drum 
type,  but  have  various  kinds  of  controlling  devices.  Figs.  21 
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and  22  illustrate  what  may  be  termed  the  standard  type  of 
Otis  elevators. 

The  motor  used  is  the  Eickemeyer  bipolar,  drum-armature, 
compound-wound  type,  the  series  coils  of  the  field  being 


cut  out  after  the  starting  resistance  has  all  been  cut  out, 
that  is,  when  the  motor  has  acquired  normal  speed.  This  is 
done  both  on  the  up  and  down  trip  of  the  car. 

53.  Transmitting^  Devices. — With  regard  to  the  trans- 
mitting devices,  it  may  be  mentioned  that  either  single  or 
double  worm-gearing  is  used,  the  latter  for  the  larger  sizes 
generally.  In  connection  with  the  single  worm  a peculiar 
kind  of  step  bearing  is  used.  The  purpose  of  this  arrange- 
ment, shown  in  Fig.  23,  is  to  increase  the  bearing  surface, 
without  enlarging  the  diameter  of  the  step,  by  dividing  the 
pressure  between  two  surfaces,  viz.,  the  end  surface  of  the 
shaft  and  the  ring-shaped  surface  .y'  of  the  bushing  B.  Now, 
it  is  well  known  to  any  mechanic  that  it  is  next  to  impossi- 
ble to  make  the  wear  equal  on  two  such  separate  surfaces 
unless  special  provision  is  made  for  it.  This  provision  con- 
sists in  this  case  of  a couple  of  small  levers  /,  I having  three 
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points  each.  One  of  these  points,  in  the  middle  of  one  side 
of  the  lever,  rests  against  an  adjusting  screw  S,  which  is 
provided  for  the  purpose  Avith  a circular  groove.  Of  the 
other  two  points  on  the  ends  of  the  other  side  of  the  levers, 
one  rests  on  the  step  plate  P and  the  other  on  the  bushing  B. 
If  the  bushing  wears  faster  at  s'  than  the  step  plate  wears 
at  j-,  the  shaft  will  move  to  the  right,  which  will  cause  the 
levers  to  press  on  the  bushing,  and  vice  versa.  Thus,  the 
pressure  is  equally  distributed  over  both  surfaces  and 
The  screw  A serves  to  take  up  the  wear.  The  little  equal- 
izing levers  /,  / are  held  in  place  by  being  placed  in  slots  in 
the  sleeve  or  bushing  B,  and  by  a pin  / that  fits  into  semi- 
cylindrical  grooves  in  the  end  of  the  levers.  Buffers  between 
the  worm-gear  and  drum  are  used  on  all  Otis  electric  eleva- 
tors to  absorb  vibration. 


54.  Controlling  Devices. — The  controller  of  the  Otis 
elevators  is  box-shaped  and  is  usually  mounted  on  top  of  the 
motor,  as  shown  at  C in  Figs.  21  and  22.  It  is  operated  by 
a rod  R attached  to  the  shipper  sheave,  which  rod  has  an 
arm  A on  the  other  end,  which  engages  by  means  of  a part  a 
with  another  arm  or  crank,  hidden  underneath  the  arm  A ; this 
crank  is  fastened  to  a shaft  that  reaches  inside  the  controller 
box.  In  Fig.  24,  which  is  a drawing  showing  the  interior 
mechanism  of  the  controller,  this  shaft  is  marked  j.  For 
clearness,  the  two  parts  (^)  and  (c)  of  the  mechanism  are 
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shown  apart,  while  in  reality  part  (r)  is  in  front  of  part  (/;). 
Fig-.  24  (a)  is  a detail  view  of  some  of  the  parts  not  very 
clearly  shown  in  (/;),  where  they  are  shown  in  dotted  lines. 
The  following  is  a description  of  the  mechanism : the  por- 
tion {c)  contains  the  reversing:  drum  mounted  on  and  keyed 
to  the  shaft  .y;  it  has  four  contact  plates  insulated  from  one 
another.  On  these  contact  plates,  of  which  two  are  long  and 
two  short,  there  rest  four  brushes  1,  2,  3,  and  4,  90°  apart. 
By  turning  the  drum  to  the  left,  brushes  1,  2 and  3,  4 are 
made  to  rest  on  the  same  long  contacts;  while  by  turning 
the  drum  to  the  right,  brushes  i,  4 ^ brought  into 

connection.  The  brushes  are  so  connected  to  the  armature 
and  line  that  by  turning  the  drum  as  aforesaid,  the  current 
in  the  armature  is  reversed.  This  will  be  pl;rin  from  the 
diagram  of  connections  given  in  Fig.  25.  Behind  the  drum 
there  is  also  fastened  to  the  shaft  .y  a lever  /,  Fig.  24  (<?) 
and  (/;),  carrying  pins />  and  which,  when  the  shaft  s is 
turned,  engage  a tooth  / formed  on  a plate  v pivoted  at 
The  plate  v carries  another  plate  v'  having  notches  into 
which  falls  the  end  of  a spring-actuated  bell-crank  lever  o. 
By  turning  the  shaft  i’,  the  plates  v and  v’  are  first  turned 
around  tt  until  the  end  of  the  lever  o rides  on  one  of  the 
sharp  corners  of  the  plate  v\  whereby  the  spring  of  lever  o 
is  stretched.  Turning  the  shaft  a little  farther  makes  the 
end  of  the  lever  engage  the  inclined  planes  n or  n\  which 
are  so  located  that  the  spring  causes  the  plate  v’  to  make  an 
additional  quick  rotary  motion. 

On  the  pivot  u is  fastened  the  blade  k of  the  knife  switch 
shown  in  the  upper  left-hand  corner  of  Fig.  24  (/;),  and  the 
quick  rotary  motion  of  the  plate  v'  causes  this  blade  k\.o  snap 
between  the  clips  c and  c'  of  the  switch.  It  is  evident  that 
.on  returning  the  mechanism  to  its  middle  position,  the  same 
snap  action  is  caused  by  the  two  middle  inclined  planes  of 
the  plate  v\  so  that  the  switch  blade  k is  quickly  withdrawn 
from  the  clips  r,  c\  thus  avoiding  the  formation  of  arcs; 
this  is  really  the  main  object  of  the  snap  switch. 

The  other  end  of  the  lever  / is  formed  into  a cam  of  pecu- 
liar shape,  which  engages  a pin  c of  a double-armed  lever  f 
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pivoted  at  g.  This  lever  f has  fastened  to  its  lower  end  a 
curved  magnet  core  entering  a solenoid  (9,  as  well  as  a con- 
tact arm  P arranged  to  slide  over  resistance  contact  blocks  R. 
The  greater  part  of  the  weight  of  the  magnet  core  and  arm  P 
is  counterbalanced  by  a weight  zv  on  the  other  arm  of  the 
lever  so  that  when  free  to  move,  the  magnet  core,  while 
having  the  tendency  of  swinging  out  of  the  solenoid,  will  be 
pulled  back  into  the  same  as  soon  as  the  current  will  pro- 
duce enough  magnetism  to  overcome  the  unbalanced  weight 
of  the  core  and  the  arm  P.  The  lever  f becomes  free  to 
move,  however,  only  after  the  shaft  has  been  turned 
enough  to  make  the  circuit  at  the  snap  switch,  the  cam  on 
the  lever  / holding  all  parts  in  position  until  then. 

55.  Supposing  that  the  solenoid  and  the  resistance  R 
are  in  series  with  the  armature,  it  will  be  seen  that  the 
operation  of  this  apparatus  is  as  follows:  First  the  cir- 

cuits are  closed  with  all  the  resistance  in  the  armature 
circuit  and  the  motor  starts  up.  By  the  time  the  motor 
has  gained  some  speed  the  lever  f is  set  free,  and  if  the 
speed  of  the  motor  is.  such  that  the  counter-electromotive 
force  is  enough  to  cut  down  the  armature  current  to  the 
desired  amount,  the  solenoid  will  not  hold  the  core,  the 
latter  will  swing  out,  and  the  arm  P sliding  over  the  con- 
tact blocks  R will  gradually  cut  out  the  starting  resistance. 
vShould  for  any  reason  the  armature  current  increase  above 
the  normal,  the  solenoid  will  pull  back  the  core,  throwing 
resistance  into  the  armature  circuit.  It  is  thus  seen  that 
the  solenoid  performs  two  functions:  first,  that  of  cutting 
out  the  starting  resistance;  and  second,  that  of  a safety 
device.  In  stopping,  the  lever  f is  brought  back  into  the 
original  position  by  means  of  the  cam  on  the  lever  /,  making 
the  arrangement  ready  for  starting  again. 

5(>.  The  diagram  of  connections  given  in  Fig.  25  will  be 
readily  understood.  It  is  to  be  noticed  that  the  series 
windings  of  the  field  are  cut  out  after  all  starting  resistance 
is  cut  out.  A safety  wire  .s'  connects  the  end  of  the  solenoid 
with  the  first  resistance  contact.  This  wire  will  keep  the 
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circuit  closed  even  if,  for  some  reason,  the  contact  brush  of 
the  solenoid  lever  should  fail  to  provide  sufficient  contact 
and  thus  stop  the  motor.  The  resistance  coils  are  placed  in  a 
compartment  of  the  controller  box  back  of  the  mechanism 
shown  in  Fig.  24. 

57.  Brakes. — The  brakes  on  the  Otis  elevators  are  of  the 
band  type.  In  the  simpler  forms,  a steel  l)and  faced  with 
leather  encircles  the  pulley  and  is  so  connected  to  a weighted 
lever  that  the  weight  applies  the  brake.  The  lever  is  linked 
to  the  controller  rod  in  such  a manner  that  when  the  shipper 
sheave  is  turned  either  to  the  right  or  to  the  left  the  brake 
is  released. 

58.  For  high-speed  service  elevators,  such  as  are  shown  in 
Fig.  22,  a different  kind  of  brake  is  used,  for  the  reason  that 
in  such  elevators  the  car  must  be  stopped  almost  instantly 
without  any  possible  slipping  when  the  limits  of  travel  are 
reached ; while  at  any  floor  stop,  midways  of  the  travel, 
such  instant  stoppage  is  not  so  essential.  The  brake  is, 
therefore,  so  arranged  that  it  will  be  set  in  action  by  the 
limit  stop  much  quicker  and  more  effectively  than  by  the 
ordinary  device.  The  arrangement  is  shown  in  detail  in 
Fig.  2G. 

On  a stand  A is  a bearing  a in  which  a short  shaft  can 
revolve.  To  this  shaft  is  keyed  a crank-arm  O,  which  in 
turn  is  connected  by  a rod  R to  the  yoke  of  the  limit-stop 
device  Z,  Fig.  22.  On  the  shaft  .y  there  is  also  keyed  an 
eccentric  E carrying  another  eccentric  E' \ the  strap  D 
encircling  this  outer  eccentric  is  connected  by  a spring- 
cushioned  rod  d to  the  brake  lever,  and  to  it  is  also  fastened 
the  shipper  sheave  Z,  so  that  the  latter,  with  the  outer 
eccentric,  turns  upon  the  inner  eccentric  as  a pivot.  The 
outer  eccentric  has  an  arm  O',  Fig.  2G,  connected  to  the 
controller  crank  by  a rod  /v'.  Fig.  22.  To  stop  the  car  at 
intermediate  landings,  the  brake  is  applied  by  turning  the 
shipper  sheave  into  the  position  shown  in  the  flgure,  the 
outer  eccentric  pressing  down  op  the  brake  lever.  When, 
however,  the  limit  stop  is  set  in  action,  the  inner  eccentric 
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is  turned,  which,  having  a greater  throw  than  the  outer 
one,  gives  more  pressure  to  the  brake. 


59.  Another  feature  of  the  brake  shown  in  Fig.  26  is 
the  safety  maguiet  M.  This  magnet  serves  to  automat- 
ically apply  the  brake  if  the  current  should  for  any  reason 
be  interrupted  in  the  system,  and  is  placed  in  shunt  with 
the  motor,  together  with  a so-called  potential  switch  (of 
which  we  shall  speak  later),  as  shown  in  Fig.  25  in  dotted 
lines.  The  armature  vi  of  this  magnet  has  a projection, 
or  nose,  n which  normally,  that  is,  when  a current  of  suffi- 
cient magnitude  circulates  through  the  magnet  winding, 
holds  in  suspense  a weight  W connected  to  the  free  end  of 
the  brake  band,  as  shown  in  Fig.  26.  As  soon  as  the  cur- 
rent falls  below  the  normal,  the  weight  W trips  the  arma- 
ture in  and  tightens  the  brake  band.  After  the  trouble 
causing  this  safety  arrangement  to  act  has  been  remedied, 
the  weight  is  replaced  into  the  position  shown  in  Fig.  26 
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by  operating  the  brake  in  the  regular  way.  Dynamic 
braking  is  also  resorted  to. 

60.  Devices. — For  standard  passenger  and 
freight  elevators,  the  simple  hand  rope  is  generally  used';  for 
high-speed  elevators,  hand-wheel  devices  or  levers  are  pre- 
ferred. To  prevent  accidental  reversal  of  the  motor  in 
stopping,  the  tripping  device  (the  lever  / and  the  plate  z>) 
shown  in  Fig.  24  has  considerable  lost  motion,  or  backlash. 

61.  Motor  Safeties. — Besides  the  safety  magnet  brake 

above  described,  the  usual  limit-stop  arrangement,  consisting 
of  yoke  and  traveling  nut,  and  a clutch  operating  the  slack- 
cable  safety,  the  Otis  Company  generally  installs  with  the 
magnet  brake  a so-called  potential  switch.  This  switch, 
shown  in  detail  in  Fig.  27,  has  three  blades  7%,  with 


three  corresponding  double  clips  7^,,  of  which  the 

first  two  are  connected,  as  shown  in  Fig.  25,  to  the  line 
wires,  and  the  third  to  a wire  leading  to  about  the 
middle  of  the  starting  resistance.  Blades  and  F^  are 
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connected  to  the  motor  circuit  as  shown,  and  to  F^.  An 
electromagnet  E placed  in  the  shunt  across  the  line  in  series 
with  the  safety-brake  magnet  holds  the  blades  F^  and  F^  in 
contact  with  the  clips  by  means  of  a catch  c on  the 

armature  of  the  magnet  engaging  a projection  d on  the 
fulcrumed  lever  carrying  the  blades.  A spring  counter- 
acts the  magnet  and  causes  the  blades  F^  to  leave  clips 
Aj,  and  the  blade  F^  to  engage  the  clip  when  the  cur- 
rent in  the  magnet  windings  falls  below  the  normal.  This 
has  the  effect  of  breaking  the  main  circuit,  releasing  the 
safety  brake,  and  thereby  short-circuiting  the  armature 
through  more  or  less  of  the  starting  resistance,  according  to 
the  position  of  the  resistance  arm  at  the  time.  This  short- 
circuiting  acts  as  a brake  on  the  motor,  as  is  well  known. 

G3.  The  usefulness  of  the  potential  switch  extends  beyond 
the  use  just  explained.  In  Fig.  28,  a method  of  connecting 
up  the  potential  switch  is  shown,  by  which  the  potential 
switch  not  only  performs  its  function  in  case  of  a fall  of 
electric  potential,  but  also  in  case  of  an  undue  increase  of 
current  in  the  line.  For  this  purpose  the  switch  magnet  A, 
Fig.  27,  has  two  windings  with  opposite  magnetizing  effect. 
One  winding  (the  one  next  to  the  armature  of  the  magnet) 
terminates  in  the  binding  posts  //,  //',  while  the  other  ter- 
minates in  binding  posts  /,  /'.  These  posts  are,  respectively, 
connected  so  as  to  throw  the  magnet  winding  H IF  in  series 
with  the  armature  of  the  motor,  and  the  coil  IF  in  series 
with  the  safety  magnet  brake,  as  in  the  previous  case. 

The  coils  of  the  electromagnet  are  so  proportioned  that 
under  normal  conditions  the  shunt  coil  //'  gives  a stronger 
magnetic  field  than  the  series  coil  II  H\  and  since  the}^  are 
wound  in  opposition  to  each  other,  the  shunt  coil  will  thus 
normally  hold  the  switch  closed.  But  if  the  potential  in  the 
line  falls  below  the  normal,  the  switch  will  be  opened,  the 
magnet  not  holding  against  the  spring.  Again,  if  the  cur- 
rent in  the  armature  circuit  rises  above  the  normal,  the 
series  coil  of  the  magnet  will  produce  a stronger  field  than 
normally,  with  the  effect  of  weakening  the  field  produced  by 
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the  shunt  coil,  so  that  eventually  the  magnet  will  be  demag- 
netized enough  to  let  go  of  the  switch  lever.  It  is  thus  seen 
that  the  switch  operates  not  only  under  a fall  of  potential 


Fig.  28. 

but  also  under  an  excess  of  current.  The  screw  S shown  in 
Fig.  27  serves  to  regulate  the  shunt  field  by  screwing  it  in 
or  out,  decreasing  or  increasing,  respectively,  the  resistance 
of  the  magnetic  circuit  of  A. 


ELEVATORS  OPERATED  BY  ALTERI^ATII^G 
CURREIS^T. 

63.  While  direct  current  is  preferable  for  the  operation 
of  electric  elevators,  in  many  cases  alternating  current  is 
the  only  source  of  power  that  is  available.  Two-phase  or 
three-phase  alternating  current  is  generally  used  for  eleva- 
tor operation.  Prior  to  the  introduction  of  the  two-phase 
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and  three-phase  systems,  alternating  current  was  very  little 
used  for  motive  purposes  because  the  single-phase  alterna- 
ting current  motor  would  not  start  of  its  own  accord  under 
load ; on  the  other  hand,  two-phase  and  three-phase  motors 
give  a good  starting  torque  and  will  run  up  to  speed  in  much 
the  same  way  as  a direct-current  motor.  An  alternating- 
current  induction  motor  consists  of  two  main  parts:  the 
primary,  or  stator,  which  is  the  stationary  part,  and  the 
secondary,  or  rotor,  which  is  the  revolving  part. 

The  primary  consists  of  a laminated  body  provided  around 
its  inner  circumference  with  slots  in  which  the  primary  coils 
are  placed.  These  coils  are  connected  together,  and  the  ter- 
minals connect  to  the  line  when  the  motor  is  in  operation. 
The  secondary,  or  rotor,  is  also  a laminated  body  provided 
with  slots  around  its  circumference  in  much  the  same  way  as 
a direct-current  armature.  In  many  induction  motors,  each 
of  these  slots  contains  a heavy  copper  bar,  which  is  con- 
nected to  a copper  ring  at  each  end  of  the  armature,  thus 
forming  what  is  known  as  a squirrel-cage  winding.  In  other 
types  of  machines,  especially  those  that  must  give  a good 
starting  effort  and  are  started  and  stopped  frequently,  the 
armature  is  provided  with  a three-phase  winding  and  the  three 
terminals  brought  out  to  collector  rings  mounted  on  the 
armature  shaft.  This  is  done  so  that  resistance  may  be 
inserted  in  series  with  the  armature  windings  when  the 
motor  is  being  started,  and  thus  allow  a good  starting  effort 
to  be  obtained  without  an  excessive  rush  of  current.  In 
some  cases  resistance  is  inserted  in  series  with  the  field,  or 
stator,  at  starting  instead  of  in  series  with  the  armature. 
This  avoids  the  use  of  collector  rings,  but  it  does  not  give 
as  good  a starting  effort  for  a given  current  as  when  the 
resistance  is  used  in  series  with  the  armature.  The  student 
should  note  particularly  that  in  the  alternating-current 
induction  motor  no  current  is  led  into  the  armature  from 
the  line;  in  fact,  there  is  no  connection  between  the  arma- 
ture and  the  line.  The  armature  currents  are  set  up  by  the 
inductive  action  of  the  constantly  shifting  magnetic  field 
that  is  set  up  by  the  two-phase  or  three-phase  currents  in  the 
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stationary  field  winding.  This  point  should  be  borne  in 
mind,  as  it  will  aid  in  understanding  the  connections  to  be 
described  later. 


OTIS  ELECTRIC  ELEVATOR  WITH  ALTERNATING-CURRENT 

MOTOR. 

64.  General  Heserii^tioii. — Fig.  29  shows  an  Otis  ele- 
vator operated  by  a three-phase  induction  motor  A.  This 
motor  is  of  the  type  manufactured  by  the  General  Electric 
Company  and  is  arranged  so  that  a resistance  is  inserted  in 
series  with  the  armature  windings  at  starting.  In  order  to 
allow  the  insertion  of  this  resistance,  the  armature  is  pro- 
vided with  three  collector  rings,  shown  at  contact  being 
made  with  the  rings  by  means  of  carbon  brushes.  The 
motor  operates  the  drum  by  means  of  a worm-gear,  as 
already  described  in  connection  with  other  elevators.  The 
starting,  stopping,  and  reversing  are  controlled  by  a shipper 
sheave  5 operated  from  the  car.  When  the  shipper  sheave 
is  moved  in  either  direction,  a cam  moves  the  rod  r back 
and  forth.  In  the  figure  the  shipper  sheave  is  in  the  neu- 
tral position.  R is  the  reversing  switch  that  connects  the 
motor  to  the  line  and  controls  the  direction  of  rotation  of 
the  motor.  This  switch  is  operated  by  the  cam  c.  The 
shaft  .S'  of  the  switch  carries  a number  of  arms,  which 
engage  with  suitable  contacts  when  the  switch  is  moved  to 
either  the  up  or  down  position.  The  cam  c has  three  prongs 
that  engage  with  prongs  on  a segmental  gear  G,  and  when 
the  car  reaches  the  limit  of  its  travel  in  either  direction,  the 
traveling  nut  on  the  drum  shaft  causes  G to  open  the  circuit 
and  stop  the  motion  of  the  car.  In  the  position  shown  in 
the  figure,  switch  R is  open;  when  thrown  to  the  right,  it 
makes  connections  for  the  car  to  go  up,  and  when  thrown 
to  the  left,  it  reverses  the  motor.  Enough  backlash  is  given 
between  the  prongs  of  the  cam  c and  the  lugs  on  the  Avheel  G 
to  insure  safety  against  overthrowing  the  switch.  When 
switch  R is  operated,  the  motor  starts  up  with  all  the  resist- 
ance in  the  armature  circuit  and  means  must  be  provided  for 
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cutting  out  this  resistance  as  the  motor  comes  up  to  speed. 
This  is  accomplished  by  the  controller  shown  at  O. 


65.  The  Controller. — The  controller  is  operated  by 
means  of  the  rod  r,  which  raises  the  roller  ^ whenever  r is 
moved.  The  roller  is  mounted  on  the  end  of  a lever,  as  indi- 
cated in  Fig.  30  (/;).  Fig.  30  (a)  shows  a rear  view  of  the 
controller.  B is  the  supporting  cast-iron  plate  that  carries 
the  slate  pieces  S,  on  which  are  mounted  a number  of 
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contacts  4,  etc.  The  hinged  fingers  etc. 

also  carry  contact  pieces,  and  in  the  position  shown  in  the 
figure,  the  fingers  are  in  connection  with  their  respective 
contacts  mounted  on  A . When  they  are  in  this  position,  all 
the  resistance  is  cut  out  and  the  motor  runs  at  full  speed,  as 
will  be  shown  later.  As  soon  as  r.  Fig.  29,  is  moved,  roller^ 
is  raised  and  casting  A,  Fig.  30  ((r^),  is  forced  down,  thus 
compressing  the  spring  A and  raising  all  the  fingers.  At  the 
same  time,  the  reversing  switch  is  closed  and  the  motor 


starts  up  with  the  resistance  in.  When  roller  g rides  over 
the  cam  on  r,  the  spring  F forces  up  A,  the  upward  motion 
being  gradual  because  of  the  dashpot  //.  Casting  A is  pro- 
vided with  a number  of  cams,  or  notches,  so  placed  that  as 
E rises,  the  fingers  f are  closed  down  in  pairs;  i.  e.,  the  two 
lowest  fingers  first  make  connection  with  their  contacts, 
then  the  next  pair,  and  so  on  until  all  the  contacts  are 
closed,  as  shown  in  the  figure.  The  closing  of  each  of  the 
pairs  cuts  out  a section  of  resistance  in  each  of  two  of  the 
motor  windings. 


§38 


ELEVATORS. 


51 


66.  Connections  ami  Operation. — The  operation  of  the 
reversing  switch  and  controller  will  be  understood  by  refer- 
ring to  Fig.  31,  which  gives  the  electrical  connections. 
R is  the  reversing  switch  and  M the  main  switch,  which  is 
operated  by  hand  and  is  only  used  when  the  motor  is  to  be 
cut  off  entirely  from  the  line.  Switch  R is  provided  with 
six  clips  5^  d,  J{.\  5\  6\  which  engage  with  the  blades  or 


contact  arms  mounted  on  the  shaft  of  the  switch  when  the 
shaft  is  rocked  by  means  of  the  cam  c.  In  the  position 
shown,  the  switch  arms  engage  the  right-hand  clips  and 
connection  with  the  left-hand  row  is  broken.  The  field  ter- 
minals of  the  motor  are  7,  8,  9;  and  it  is  easily  seen  that 
when  R is  thrown  over,  the  connections  of  7 and  9 to  the 
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line  are  interchanged,  thus  reversing  the  motor.  There  is 
no  resistance  in  this  primary  circuit,  and  the  secondary  or 
armature  circuit  in  which  the  controller  O is  placed  is  entirely 
separate  from  the  primary.  In  the  position  shown,  all  the 
fingers  etc.  are  raised  off  the  contacts  /^,  4,  this 

being  the  position  they  occupy  at  the  moment  of  starting. 
The  induced  armature  current  in  flowing  from  ring  r'  to  r 
must  take  the  path  r'-x- 1-2-3 thus  passing  through 
four  sections  of  resistance.  Also,  in  flowing  from  r'  to  r" 
it  must  pass  through  the  four  resistance  sections  1\  2\  3\  Jf  . 
The  insertion  of  this  resistance  in  the  armature  windings 
keeps  down  the  rush  of  current  through  the  primary  and 
results  in  a good  starting  effort.  As  the  casting  A, 
Fig.  30  {a)^  rises,  Angers  and  contacts  make  connec- 
tion, thus  short-circuiting  sections  1 and  1 ' of  the  resistance. 
As  E rises  still  farther,  sections  2 and  2'  are  cut  out  by 
and  making  contact,  and  so  on,  until  all  the  Angers  are 
down  and  all  the  resistance  cut  out.  In  passing  from 
ring  r'  to  r,  the  current  now  takes  the  path  r'-f-l-r  and 
there  is  no  resistance  in  circuit.  When,  therefore,  the  Angers 
are  all  down,  rings  r,  r\  and  r"  are  connected  together  and 
the  induced  armature  currents  are  provided  with  a closed 
circuit  in  which  there  is  no  resistance  other  than  that  of 
the  copper  armature  conductors  and  the  connecting  wires. 

G7.  The  number  of  steps  of  resistance  depends  on  the 
service  to  which  the  elevator  is  to  be  put.  For  example, 
some  controllers  are  provided  with  only  three  sets  of  con- 
tact fingers,  as  it  is  found  that  three  sections  of  resistance 
are  sufficient  to  give  a smooth  start.  The  connections  for 
a two-phase  motor  are  practically  the  same  as  those  shown, 
so  that  it  is  not  necessary  to  describe  them  in  detail. 


ELEC TIIIC  ELEVATORS  WITH  MAGiN^ET  COIS^TROE. 

G8.  General  Features  of  Magnet  Control. — In  most  of 
the  controlling  devices  so  far  described  for  electric  elevators, 
the  cutting  out  of  the  starting  resistance  is  accomplished 
by  means  of  an  arm  carrying  a contact  that  slides  over  a 
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series  of  plates,  or  contacts,  connected  to  the  sections  of 
the  resistance.  This  method  works  very  well  if  the  contact 
brush  and  contact  plates  are  kept  in  good  condition,  but  if 
either  of  them  become  rough  or  burned,  the  starting  rheo- 
stat rapidly  gets  into  very  bad  shape  on  account  of  the  poor 
contact  and  consequent  burning  action.  This  is  especially 
the  case  if  the  motor  requires  a large  current  for  its  oper- 
ation, because  the  larger  the  current,  the  more  perfect  must 
be  the  connections  made  by  the  rheostat  contacts,  and  a 
contact  that  is  at  all  defective  will  very  soon  give  rise  to 
burning  and  cutting. 

C9.  In  order  to  avoid  the  use  of  a sliding  contact  with 
its  accompanying  contact  plates,  the  so-called  magnet  system 
of  control  has  been  devised,  in  which  the  resistance  is  cut 
out  by  a series  of  electromagnetic  switches,  each  one  of 
which  operates  independently  and  which  is  so  designed 
that  it  will  handle  a large  current  with  very  little  burning 
or  arcing.  As  these  switches  are  simply  of  the  make-and- 
break  variety  and  have  no  sliding  contacts,  any  small  amount 
of  burning  that  may  take  place  does  not  interfere  with  the 
operation  of  the  controlling  outfit.  There  are  many  ways 
in  which  the  system  of  magnet  control  may  be  applied.  The 
electromagnetic  switches  may  be  arranged  to  operate  auto- 
matically as  the  motor  increases  in  speed ; they  may  be  con- 
trolled entirely  by  a controlling  switch  on  the  car,  or  part  of 
them  may  be  controlled  automatically  and  part  from  the  car. 
These  resistance-controlling  switches,  together  with  the 
other  electromagnetic  switches  necessary  for  closing  the  main 
circuit  and  reversing  the  armature  connections,  are  mounted 
on  a switchboard,  which  is  usually  separate  from  the 
elevator  motor  and  hoisting  mechanism. 

70.  Elementary  System  of  Magnet  Control. — Before 
taking  up  an  elevator  with  magnet  control,  we  shall  con- 
sider the  elementary  arrangement  shown  in  Fig.  32.  This 
diagram  is  intended  merely  to  illustrate  the  principle  and 
does  not  represent  any  special  controller.  It  shows  an  ordi- 
nary shunt  motor  Af  with  its  starting  resistance  A controlled 
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by  the  two  magnets  S,  5'.  The  starting  and  reversing 
switch  is  shown  at  A,  and  in  this  case  it  is  supposed  to  be 
operated  by  hand.  Of  course,  if  the  motor  were  used  in  con- 
nection with  an  elevator,  switch  A could  be  operated  from 
the  shipper  sheave.  When  the  switch  is  in  the  position 
shown,  the  motor  runs  in  one  direction,  and  when  it  is 
thrown  over  so  that  the  blades  occupy  the  position  shown  by 
the  dotted  lines,  the  motor  is  reversed.  The  starting  resist- 
ance is  divided  into  two  sections  a,  which  are  successively 


short-circuited  by  the  electromagnetic  switches  A,  S'  when 
the  motor  comes  up  to  speed.  The  windings  of  A,  S' 
are  connected  in  series  across  the  armature  terminals,  form- 
ing a shunt  circuit  to  the  armature.  When  the  main  switch 
is  closed,  all  the  resistance  is  in  series  and  the  pressure  across 
the  armature  terminals  and  coils  S,  S'  is  very  small;  con- 
sequently, very  little  current  flows  through  S,  S'.  How- 
ever, as  the  motor  speeds  up,  its  E.  M.  F.  increases  and 
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the  pressure  across  the  brushes  increases,  and  this  increases 
the  current  through  S,  S'.  The  armatures  of  these  switches 
are  so  adjusted  that  will  operate  with  a smaller  current 
than  S' ; consequently,  as  Jlf  comes  up  to  speed,  closes  and 
cuts  out  section  a of  the  resistance  by  short-circuiting  it.  As 
the  speed  increases  still  further,  the  current  through  5 and  S' 
becomes  strong  enough  to  operate  S',  and  section  I?  is  short- 
circuited,  thus  connecting  the  motor  armature  directly  to 
the  line.  Suppose  that  the  motor  is  to  be  started  and  that 
switches  A,  S,  and  S'  are  in  the  positions  shown.  The  path 
of  the  current  through  the  shunt  field  is  as  follows : L-\ — /q- 

l-k-l~  through  shunt  field-/-<?-Z.  The  path  of  the  main 
current  through  the  armature  and  starting  resistance 
is  L-\ — b-l-x-b-2-y-c-  through  armature  of  motor-z^Z-cr-r,- 
r-3-b-o-L.  When  the  current  through  the  shunt-magnet 
circuit  C-S'-S-d  has  become  strong  enough  to  pull  down 
armature  a' , contact  is  made  at  z'  and  the  main  current  on 
reaching  z takes  the  path  z-a' -z' -o' -r  ~r  -3-b  ~o~L,  thus  flow- 
ing past  section  a of  the  resistance  that  is  short-circuited. 
When  S'  operates,  the  current  takes  the  path  z-a' -z' -o' -a" -z" , 
and  so  on,  the  whole  of  the  resistance  being  thus  short- 
circuited.  Any  arcing,  or  burning,  that  may  occur  will 
take  place  at  contacts  z'  and  z" , and  this  can  easily  be  taken 
care  of  by  providing  suitable  contacts.  Moreover,  it  will  be 
noticed  that  the  closing  of  an  armature  short-circuits  the 
resistance,  and  that  when  an  armature  opens,  the  circuit  is 
not  broken,  because  the  current  still  has  the  alternative  path 
through  the  resistance.  The  result  is  that  when  the  arma- 
ture leaves  its  contacts  there  is  but  little  sparking. 


7 1.  When  the  motor  is  to  be  run  in  the  reverse  direction, 
switch  A is  thrown  over  to  the  position  indicated  by  the 
dotted  lines.  This  does  not  change  the  direction  of  the  cur- 
rent through  the  shunt  field,  but  it  reverses  the  current 
through  the  armature,  the  path  being  as  follows:  A-| — b- 
1' -x-b^-2' -n-r,^-r-d-c-y-S' -b^-o-L.  Since  the  current 
through  the  armature  is  reversed  while  that  in  the  field 
remains  the  same,  the  direction  of  motion  is  reversed. 
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The  scheme  of  using  electromagnetic  switches  to  control 
the  starting  resistance  has  been  embodied  in  the  controllers 
of  a number  of  different  manufacturers.  It  has  been  found 
that  it  is  not  necessary  to  provide  a great  many  resistance 
sections  and  resistance-controlling  switches  in  order  to  give 
a smooth  start.  The  actual  number  needed  depends,  of 
course,  on  the  conditions  under  which  the  motor  is  operated. 
With  an  ordinary  sliding-contact  rheostat,  it  is  necessary  to 
provide  quite  a large  number  of  resistance  sections,  in  order 
to  keep  the  voltage  between  adjacent  contact  plates  down 
to  the  small  amount  necessary  to  avoid  sparking  when  the 
arm  slides  from  plate  to  plate.  With  electromagnetic 
switches  the  number  of  sections  can  be  much  smaller, 
because  this  precaution  is  not  necessary.  Moreover,  when 
the  cutting  out  of  resistance  is  controlled  by  switches  that 
are  in  turn  controlled  by  the  counter  E.  M.  F.  of  the  motor, 
the  resistance  is  never  cut  out  until  the  armature  has  come 
up  to  such  a speed  that  it  is  able  to  take  care  of  the  increased 
current.  The  resistance  is,  therefore,  cut  out  just  when  the 
armature  is  ready  for  it  and  not  before;  such  being  the  case, 
fewer  resistance  sections  are  necessary  than  if  the  cgtting 
out  were  controlled  by  hand. 

72.  With  most  high-speed  passenger  elevators  using  this 
method,  the  switches  that  perform  the  same  duties  as  A, 
Fig.  32,  are  operated  by  electromagnets  or  solenoids,  thus 
doing  away  with  the  shipper  sheave  with  its  cable,  cams,  and 
other  switch-operating  devices  and  replacing  them  by  an 
electric  cable  connecting  the  car-operating  switch  to  the 
switchboard. 

73.  The  car-operating  switch  replaces  the  ordinary 
operating  wheel  or  lever  used  for  operating  by  means  of  a 
cable.  The  cable  running  from  the  operating  switch  to  the 
switchboard  carries  the  wires  that  connect  to  the  electro- 
magnetic switches,  and  as  these  switches  require  only  about 
f ampere  for  their  operation,  the  wires  in  the  controlling 
cable  do  not  need  to  be  large.  This  method  of  control  is 
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being  used  quite  largely  for  various  kinds  of  service,  and, 
as  pointed  out  above,  it  has  advantages  over  the  older 
sliding-arm  method  of  controlling  resistance.  In  order  to 
illustrate  its  application  in  practice,  we  will  describe  two 
controllers  made  by  the  Otis  Elevator  Company  and  cov- 
ered by  patents  owned  by  them. 


OTIS  ELEVATOR  WITH  G.  S.  MAGNET  CONTROLLER. 

74.  General  Descriiition  of  Elevator  Macliiiie. — 
Fig.  33  shows  a direct-connected  Otis  electric  elevator  for 
use  with  magnet  control.  The  motor  il/operates  the  drum  D 
by  means  of  double  worm-gears.  This  particular  machine 
is  provided  with  back  gearing  between  the  motor  shaft  and 
worm-shaft,  so  that  unusually  heavy  weights,  such  as  safes, 
may  be  lifted.  It  will  be  noticed  that  there  is  no  electric  con- 
troller connected  to  the  machine  other  than  the  brake  mag- 
net N'  and  the  stop-motion  switch  M'.  The  brake  magnet  is 
a powerful  solenoid  that  operates  against  the  spring  (7,  so 
that  when  the  magnet  is  energized  the  band  brake  is 
released,  and  when  current  ceases  to  flow  through  the  mag- 
net, the  brake  at  once  goes  on.  The  stop-motion  switch  M' 
will  be  described  more  in  detail  when  the  electrical  connec- 
tions are  taken  up.  Its  function  is  to  cut  off  the  current 
and  stop  the  motor  whenever  the  car  approaches  the  limit 
of  its  travel  in  either  direction.  Under  ordinary  running 
conditions,  the  intermittent  gear  g remains  in  the  central 
position  shown  in  the  figure.  When  the  car  approaches  the 
limit  of  its  travel,  the  safety  nut  on  the  shaft  of  the  worm- 
gear  causes  a pin  to  engage  with  thus  making  it  swing 
over.  This  operates  a switch  arm  inside  the  casing  fl/', 
which  breaks  electrical  connections  and  slows  down  the 
motor.  When  the  safety  nut  makes  another  revolution, 
g is  swung  over  another  notch  and  the  motor  is  stopped 
completely.  The  mechanical  features  of  the  hoisting 
machine  are  similar  to  those  that  have  already  been  described 
and  do  not  call  for  special  attention. 
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75.  General  Deseription  of  Otis  G.  S.  Magnet  Con- 
troller.— Fig.  34  is  a general  view  of  the  Otis  G.  S.  magnet 
controller.  The  controlling  devices  are  mounted  on  a heavy 


slate  panel  A,  which  is  in  this  case  supported  on  an  iron 
framework  B that  also  serves  to  house  the  resistance  coils. 
With  many  controllers,  the  resistance  is  placed  in  a case 
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arranged  behind  the  switchboard.  The  various  electromag- 
netic switches  necessary  for  controlling  the  direction  of 
motion  of  the  car  and  the  cutting  out  of  the  starting  resist- 
ance are  mounted  on  A. 


In  Fig.  34,  B'  is  the  potential  switch,  the  use  of  which 
has  already  been  explained.  It  is  a protective  device  and 
is  not  concerned  with  the  regular  starting  and  stopping  of 
the  elevator.  When  the  elevator  is  in  operation  it  remains 
closed.  Switches  C\  and  E'  control  the  main  current. 
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Switch  H'  controls  the  brake  and  the  two  groups  of 
switches  G'  and  A'  control  the  resistance.  The  group  of 
four  switches  A'  controls  the  starting  resistance  and  the 
pair  of  switches  G ' controls  the  stopping  resistance.  With 
these  controllers  the  motor  is  stopped  by  allowing  it  to  act 
as  a generator,  thus  providing  a dynamic-braking  action  in 
addition  to  that  of  the  band  brake.  In  order  to  allow  a 
smooth  braking  action,  the  current  generated  by  the  motor 
is  passed  through  a resistance,  and  this  resistance  is  cut  out 
or  in  by  magnets  G'.  The  main  operating  magnets  C\  D\ 
and  E ' are  of  the  solenoid  type,  and  when  they  are  not 
excited  the  plungers  are  down  and  the  upper  switch  con- 
tacts, as  for  example,  are  separated  from  the  fixed  con- 
tacts d.  The  movable  contacts  c are  mounted  on  rocker- 
arms  a'  pivoted  as  shown  at  I?.  The  plungers  of  the  two 
switches  D'  and  E ' are  connected  by  a lever  /,  as  shown,  so 
that  when  one  contact  lever  a is  up,  i.  e.,  the  upper  termi- 
nals in  contact,  the  other  lever  a'  is  down,  and  it  is  impos- 
sible for  both  levers  to  occupy  the  up  or  down  position  at 
the  same  time.  The  operation  of  these  switches  will  be 
understood  more  clearly  by  referring  to  Fig.  35  {a). 
vS witches  F'  and  G'  are  arranged  as  shown  in  (/;)  and 
switch  H'  is  as  shown  in  (r).  These  sketches  are  intended 
merely  to  indicate  the  operation  of  the  switches,  so  that  the 
diagram  of  connections  to  be  given  later  may  be  readily 
understood;  hence,  particular  attention  has  not  been  paid 
to  the  mechanical  details.  In  (a),  when  the  magnet  draws 
up  the  plunger,  lever  a is  moved  so  that  c and  d make  con- 
tact, and  contacts  d and  d'  are,  of  course,  opened.  Con- 
tacts d^  d'  are  graphite  blocks  mounted  on  spring  holders, 
the  object  of  the  graphite  being  to  prevent  damage  from 
burning  or  sparking,  and  especially  to  obviate  the  danger  of 
the  contacts  fusing,  or  sticking,  together  as  might  possibly 
occur  if  both  were  of  copper.  Fig.  35  (/;)  shows  the  con- 
struction of  the  resistance-controlling  switches;  y is 'the 
magnetizing  coil,  which  is  made  to  serve  for  the  whole  group 
of  switches  by  embracing  the  series  of  cores  //,  as  indicated 
at  E\  Fig.  34.  G is  the  magnet  casting  that  carries  the 


38 


ELEVATORS. 


61 


series  of  cores  opposite  each  of  which  is  hinged  the  arma- 
ture a carrying  an  insulated  contact  which  makes  contact 
with  d when  the  armature  is  drawn  down.  When  current 
flows  around  coil  all  the  cores  are  magnetized  to  about 
the  same  degree,  but  the  armatures  are  not  all  attracted 
because  they  are  adjusted  to  different  distances  from  the 
pole  pieces  .y  by  means  of  adjusting  screws  p that  rest 
against  lugs  r.  The  armature  with  the  shortest  air  gap 
between  a and  s is  first  attracted,  then  the  next,  and  so  on, 
the  armatures  closing  in  succession  as  the  magnet  increases 
in  strength  on  account  of  the  motor  speeding  up.  The 
resistance  is  thus  automatically  cut  out  by  steps,  as  explained 
in  connection  with  Fig.  32. 

Fig.  35  (r)  shows  the  switch  indicated  by  H’  in  Fig.  34. 
It  is  practically  the  same  as  (^),  except  that  it  is  provided 


Fig.  35. 


with  two  insulated  back  contacts  /',  m'  to  which  the 
leads  / m are  connected.  When  armature  a is  unattracted, 
/'  and  m'  are  in  contact;  when  a is  attracted,  contact 
between  /'  and  m'  is  broken  and  contact  between  c and  d is 
closed.  The  switch  contacts  that  are  most  liable  to  arcing 
are  provided  with  magnetic  blow-out  coils.  These  are  coils 
provided  with  an  iron  core  so  placed  that  a magnetic  field 
is  set  up  between  the  contacts,  and  as  soon  as  the  arc  forms,  it 
is  forced  across  the  field  and  broken  almost  instantaneously. 
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76.  Car-Operating  Switch. — Fig.  36  shows  the  style  of 
car-operating  switch  used  with  the  magnet  controller.  When 
the  motor  is  stopped,  the  handle  occupies  the  vertical  posi- 
tion and  is  thrown  to  the  left  or  right,  according  as  the  car 
is  to  go  up  or  down.  When  the  cover  is  closed  and  the 
switch  in  use,  sliding  contacts  r,  c bear  against  the  arcs 
b,  h\  when  the  switch  is  off,  they  bear  against  the  insulating 
pieces  d.  The  contacts  on  the  back  of  the  operating 
lever  press  against  segments  e,  thus  making  the  required 
connection.  By  adopting  the  construction  shown,  no  cur- 
rent flows  through  the  hinge  f.  The  exact  arrangement  of 

the  contact  segments 
varies  with  different 
controllers,  as  the 
starting  and  running 
requirements  are  not 
always  the  same 
for  different  installa- 
tions. The  opera- 
ting switch  for  which 
the  connections  are 
shown  in  Fig.  38 
is  somewhat  simpler 
than  that  shown 
in  Fig.  36,  and  re- 
quires fewer  wires 
and  contact  arcs,  but 
its  general  construe^ 
tion  is  the  same. 

77.  Stoi)-Motioii 
Switch.  — Fig.  37 
shows  two  views 
of  the  stop  - motion 
switch  shown  at  d/'. 
Fig.  33.  The  use  of 
Fig.  36.  this  switch  has  al- 

ready been  explained,  but  Fig.  37  shows  the  construction 
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and  will  aid  in  understanding  the  electrical  connections. 
The  arm  a,  which  is  operated  by  the  intermittent  seg- 
mental gear  g,  normally  occupies  the  horizontal  position, 
but  is  swung  around  whenever  the  car  reaches  the  limit  of 
its  travel.  Contact  brushes  are  mounted  on  the  arm,  and 
these  rub  on  the  contact  arcs  b.  When  the  arm  is  swung 


around  in  either  direction,  one  set  of  brushes  leaves  the 
long  contacts  b,  b and  passes  on  to  the  short  pieces  r,  c. 
Arcs  c,  c are,  with  the  controller  to  be  described,  not  con- 
nected to  anything,  but  serve  as  bearing  pieces;  as  soon, 
therefore,  as  the  contact  arm  slides  on  to  them,  electrical 
connections  are  broken,  which  causes  the  motor  to  stop. 

78.  Connections  for  G.  S.  Controller. — Fig.  38  shows 
the  general  scheme  of  connections  for  the  G.  S.  controller. 
In  order  to  simplify  the  diagram,  the  relative  positions  of  a 
few  of  the  parts  have  been  changed ; for  example,  the  start- 
ing resistance  and  the  extra-field  resistance  r r'  are  shown 
connected  directly  to  their  switch  contacts.  The  relation  of 
the  various  switches  is  the  same  as  shown  in  Fig.  34,  except 
that  their  order  is  reversed,  because  all  the  connections  are 
made  on  the  back  of  the  board;  corresponding  switches  in 
Figs.  34  and  38  are  lettered  alike.  In  order  to  facilitate 
the  tracing  out  of  connections,  all  fixed  contact  pieces  on 
the  switches  have  been  shaded,  while  all  movable  pieces  have 
been  left  open.  For  example,  on  switch  E’  the  shaded  con- 
tact pieces  5\  6\  7',  and  8'  are  mounted  on  the  slate  panel 


Fig.  37. 
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and  the  open  contacts  5,  6,  7,  and  8 are  mounted  on  the 
tilting  arm  shown  in  Fig.  35  (a).  Also,  contacts  that  touch 
each  other  are  marked  with  similar  figures,  i.  e.,  when 
switch  E'  is  pushed  up,  S makes  contact  with  5'  and  6 with  6'. 
A few  details,  such  as  blow-out  coils,  have  been  omitted,  as 
they,  are  not  necessary  to  illustrate  the  operation  of  the  con- 
troller. The  car-operating  switch  controls  switches  A',  D',  C\ 
and  H'\  switches  M\  A,  and  G'  operate  automatically. 
The  main  switches  E'  and  D'  are  each  provided  with  two 
coils.  One  of  these  coils  is  of  fine  wire,  and  the  current  in 
it  is  controlled  by  the  car-operating  switch.  The  lower  coils 
are  of  coarse  wire,  and  carry  the  main  motor  current ; these 
coils  are  arranged  below  the  fine-wire  coils  and,  when 
energized,  hold  the  switch  down.  When  switch  C oper- 
ates, 13  makes  contact  with  13\  IJf,  with  IJ/!,  and  contact 
between  15  and  15’  is  broken.  When  H'  operates,  contact 
is  made  between  16  and  16'  and  broken  between  17  and  17' . 
When  switches  G'  and  F'  operate,  contact  is  made  between  1 
and  i',  2 and  2' ^ etc.  The  movable  contact  pieces  of  the 
stop-motion  switch  M'  occupy  the  horizontal  position  shown 
until  the  car  reaches  the  limit  of  its  travel  in  either  direc- 
tion. The  full-black  segments  on  this  switch  are  not  con- 
nected to  anything,  being  in  this  case  bearing  surfaces 
only.  Switch  P'  is  provided  with  a pair  of  contacts  on  each 
side  of  the  “off”  position.  Two  contacts  and  d'  are 
longer  than  the  others  f n and  f d,  so  that  the  lever  makes 
contact  with  the  former  before  the  latter.  To  avoid  confu- 
sion, a wire  is  shown  connected  to  the  lever  instead  of 
carrying  the  current  to  it  through  sliding  contacts,  as  is 
done  on  the  switch  shown  in  Fig.  36.  An  additional  safety 
switch  5 is  sometimes  provided  to  stop  the  elevator  in 
emergencies,  but  it  is  not  in  use  under  normal  conditions. 

79.  Type  of  Motor  Used  With  G.  S.  Controller. 
Before  taking  up  the  action  of  the  controller,  it  will  be  well 
to  consider  briefly  the  type  of  motor  used  with  this  system 
of  control.  In  order  to  get  the  elevator  under  way  quickly, 
it  is  necessary  that  the  motor  should  give  a strong  starting 
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torque.  This  is  provided  for  by  the  series  field.  The  shunt 
field  furnishes  the  excitation  after  the  motor  has  attained 
its  speed.  In  addition  to  these  two  windings,  a third,  or 
extra-field,  winding  is  provided.  This  winding  aids  in  pro- 
viding a field  when  the  motor  is  being  brought  to  a stop,  by 
allowing  it  to  act  as  a dynamo;  it  also  aids  to  some  extent  in 
providing  a strong  field  at  starting.  It  should  be  remem- 
bered that  a shunt-wound  motor  will  run  as  a generator  if 
it  is  disconnected  from  the  mains  when  up  to  speed  and  a 
path  provided  between  the  brushes  for  it  to  send  a current 
through;  it  is  not  necessary  to  reverse  either  field  or  arma- 
ture connections  in  order  to  make  it  generate,  as  is  the  case 
with  a series  motor. 

80.  Operation  of  Controller  on  First  Point. — Sup- 
pose that  the  car  is  to  be  run  up  and  that  the  lever  of  P' 
is  moved  to  the  left  until  the  arm  comes  in  contact  with  the 
long  arc  u\  but  does  not  touch  the  contact  f n.  The  oper- 
ating current  then  flows  as  follows,  starting  from  point  18 
on  the  -[-  side  of  the  potential  switch:  through  coil  of 

switch  H\  through  coil  of  the  “up”  magnet  D\  through 
wire  'll  u to  stop-motion  switch  M\  to  contact  strip  by 
way  of  the  horizontal  strip,  through  flexible  car-operating 
cable  to  contact  u’  on  car-operating  switch,  through  lever 
to  7C',  thence  through  safety  switch  and  wire  y )’  y to  the 
negative  side  of  the  potential  switch.  This  current  oper- 
ates switches  D'  and  H' . Switch  D'  is  drawn  up  by  the 
fine-wire  coil  and  contact  is  made  between  P,  9'  and  10,  10\ 
as  indicated  by  the  dotted  lines.  This  allows  current  to 
flow  through  the  shunt  field  by  way  of  the  path  — 18-9' -0-D~ 
through  shunt  fie\d-I/-19-20.  The  operation  of  H'  releases 
the  brake  by  connecting  points  16  and  16' , because  point  D 
connects  through  D'  to  the  side  of  the  circuit,  and 
when  16  and  16’  are  in  contact,  the  other  terminal  of  the 
brake  magnet  connects  to  the  negative  side  of  the  circuit. 
This  releases  the  brake  and  allows  the  motor  to  start  as 
soon  as  current  flows  through  the  armature.  When 
switch  H’  operates,  points  i7,  IT  are  separated  so  that 
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no  current  can  flow  through  coil  and,  hence,  switches  G' 
are  open  so  long  as  the  motor  is  working.  As  soon  as 
switch  U is  forced  up,  switch  E'  makes  contact  between 
7,  7'  and  8,  8\  because  of  the  connecting  lever  7,  Fig.  6. 
The  main  current  then  takes  the  path  indicated  by  the 
arrowheads  as  follows:  18-9\  10' -9^  -/-through  arma- 

ture of  motor  to  A-through  series  coil  of  switch  E 
H'-G '-3'-2'-Jf-thro\xgh.  whole  of  starting  resistance  to  E- 
through  whole  of  series  field  to  EI-19-20  to  negative  side  of 
the  circuit.  The  current  through  the  series  coil  of  E' 
holds  the  switch  arm  down  firmly.  The  motor,  therefore, 
starts  up  with  the  two  sections  of  the  series  field  and  all 
the  starting  resistance  in  series  with  the  armature.  The 
extra  field  is  in  series  with  the  resistance  r r',  and  the  two 
together  are  in  shunt  with  the  armature.  This  is  easily 
seen  by  tracing  the  path  through  the  series  field,  beginning 
at  point  /7,  as  follows:  A-through  extra  field-/T'-/-r '-r- 

Fig.  39  represents,  diagrammatically,  the  connections 
that  are  made  on  the  first  position  of  the  switch  P'.  The 


extra  field  does  not  supply  nearly  as  much  magnetizing 
power  at  starting  as  when  the  motor  is  stopping,  because, 
at  starting,  the  pressure  across  the  armature  terminals  is 
small.  On  this  point  of  the  controller,  therefore,  the  motor 
starts  up,  but  would  run  the  elevator  at  a slow  speed  because 
of  the  resistance  in  circuit.  It  should  be  noted  that  as 
long  as  the  operating  handle  rests  on  u'  or  the  resistance 
switches  E'  are  inoperative,  because  one  terminal  of  coil  k 
connects  to  contact  13  on  switch  A',  which  is  open. 
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81.  Operation  on  Fast  Up”  Position. — When  the 

handle  of  P'  is  moved  over  farther,  so  as  to  make  contact 
with  the  f u (fast  up)  contact,  current  flows  through  the 
solenoid  of  switch  C\  thus  forcing  the  switch  lever  up  and 
making  contact  between  13^  13'  and  ll^.,  11^.  At  the  same 
time  contact  is  broken  between  15  and  15' ^ thus  opening  the 
circuit  through  the  extra  field,  which  is  now  no  longer 
needed,  as  the  motor  is  by  this  time  well  under  way.  The 
operation  of  this  switch  allows  current  to  flow  through  the 
magnet  coil  h and  resistance  as  indicated  by  the  dotted 
arrows,  beginning  at  point  21.  This  operates  the  group  of 
switches  F' . First  2 and  2'  are  connected,  thus  cutting  out 
the  first  section  of  resistance,  then  3^  3',  cutting  out  the  sec- 
ond section,  then  G,  G',  cutting  out  what  is  left  of  the 
resistance  and  also  one  half  of  the  series  field;  finally, 
H and  H'  are  connected,  thus  cutting  out  the  other  half  of 
the  series  field.  The  motor  has  now  attained  its  maximum 
speed,  and  the  path  of  the  main  current  is  -\ — 18-9' ^ 10' -9^ 
10-8-8' -I-throng\i  msitnr e-E-7' -7-1 5- H '-H- 19  to  nega- 

tive side  of  circuit.  The  motor  now  operates  as  a plain 
shunt  machine  with  no  resistance  in  circuit. 

82.  If  the  operating  switch  were  moved  in  the  reverse 
direction,  switch  E'  would  be  moved  up  and  switch  D'  would 
be  down,  as  can  be  readily  seen  by  tracing  the  connections. 
The  main  current  then  takes  the  path  18-6',  5'-6,  5-12-12'- 
through  series  coil  of  Z^'-A-through  armature-/-7i'-ii-7Z 
and  so  on  as  before.  The  current  in  the  armature  flows  in 
the  reverse  direction  to  what  it  did  before,  while  the  cur- 
rent in  the  fields  remains  unchanged;  the  car,  therefore, 
moves  down. 

83.  Action  of  Controller  on  Slowing  Down  and 
Stopping. — Suppose  that  the  elevator  is  running  on  the 
“fast  up”  point  and  that  the  handle  is  moved  back  until 
it  leaves  contact  f u,  but  still  rests  on  contact  u' . Switch  C 
will  be  opened,  and  this  will  cause  switches  F'  to  open,  thus 
cutting  the  resistance  and  series  field  back  into  the  circuit  ; 
the  extra  field  will  also  be  connected,  because  15  and  15'  will 
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make  contact,  the  resistance  r r'  being  in  series  with  the 
extra  field.  Quite  a large  current  will  now  flow  through 
the  extra  field  because  the  potential  across  the  armature  is 
high.  When,  therefore,  the  handle  is  moved  back  from  the 
fast  position,  the  field  of  the  motor  is  greatly  strengthened 
and  all  the  resistance  is  cut  back  into  circuit,  thus  rapidly 
lowering  the  speed  of  the  motor.  On  account  of  the 
decrease  in  speed  and  the  cutting  in  of  the  resistance,  the 
pressure  across  the  brushes  is  considerably  decreased  when 
the  handle  is  moved  from  the  fast  position.  When  the 
operating  handle  is  moved  to  the  off  position,  switches 
D'  and  H'  are  opened.  D'  breaks  connection  with  the  line, 
and  H'  sets  the  brake  by  separating  points  id,  16'  and 
opening  the  circuit  through  the  brake  magnet.  At  the 
same  time,  points  17,  17'  are  brought  into  contact,  thus 
connecting  coil  k across  the  armature  terminals.  The 
pressure  across  the  armature  terminals  is  large  enough  to 
cause  switches  Jf,  Jf!  and  i,  1'  to  close,  thus  cutting  out  r'  r 
and  connecting  the  extra  field  across  the  armature.  The 
armature  thus  generates  current,  which  takes  the  path 
/-<y'-d-ii'-extra  field-A"'-^-^'-i.^-7-7'-A.  The  current 
through  the  extra  field  remains  in  the  same  direction  as  it 
did  when  the  motor  was  run  from  the  line  and  hence  assists 
in  keeping  the  field  magnetized  and  bringing  the  motor  to  a 
stop  quicker  than  if  the  shunt  field  only  were  used.  As  the 
motor  slows  down,  the  magnetization  supplied  from  the 
shunt-field  coil  diminishes;  hence,  the  provision  of  the  extra 
field  supplied  with  the  current  that  the  motor  furnishes 
when  running  as  a generator  greatly  increases  the  braking 
action.  The  generating  action  soon  slows  the  motor  down, 
and  as  the  pressure  across  the  armature  terminals  decreases, 
switches  Jf  and  1,  1'  open  in  succession,  because  K is  no 
longer  able  to  hold  them.  This  cuts  resistances  r' , r back 
into  circuit  with  the  series  field,  thus  making  a smooth 
stop  and  leaving  the  resistances  r,  r'  in  series  with  the  extra 
field  ready  for  the  next  start.  Of  course,  while  this  action 
is  taking  place,  the  band  brake  is  also  on  because  the 
dynamo-braking  action  decreases  as  the  speed  decreases. 
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and  hence  would  not  answer,  in  itself,  for  bringing  the 
motor  to  a full  stop.  All  these  actions  take  place  in  a 
very  short  space  of  time,  but  the  effect  is  to  stop  the  motor 
smoothly  and  quickly,  and  the  car  is  at  all  times  easily  con- 
trolled by  switch  P\  the  cutting  out  of  the  resistance  and 
the  connections  necessary  to  produce  the  dynamo-braking 
action  being  made  automatically. 

84.  The  stop-motion  switch  M'  merely  brings  about 
automatically  the  same  connections  that  P'  should,  in  case 
the  operator  failed  to  move  P'  when  the  car  reaches  the 
limit  of  its  travel.  When  the  contact  arm  is  swung  around 
by  the  action  of  the  traveling  nut,  as  already  explained, 
contact  is  first  broken,  if  the  car  is  ascending,  between  the 
f u and  f contact  arcs,  thus  slowing  down  the  motor ; and 
as  the  car  travels  still  farther,  contact  is  broken  between 
arcs  u and  u\  thus  applying  the  brake  and  stopping  the  car. 


OTIS  XO.  6 MAGNET  CONTROLLER. 

85.  General  Deseriptioii  of  Xo.  G Controller. — 
Fig.  40  shows  the  general  arrangement  of  the  Otis  No.  G 
magnet  controller.  This  is  a later  type  than  the  G.  S.  con- 
troller previously  described,  and  although  its  mechanical 
details  are  quite  different,  its  principle  of  operation  is 
almost  identical.  The  resistance,  which  is  usually  in  the 
form  of  cast-iron  grids  for  controllers  of  large  capacity,  is 
arranged  behind  the  board  and  does  not  appear  in  the  figure. 
The  various  switches  are  marked  A\  B\  C\  1,  2,  3,  4, 
Switches  A',  B\  C,  and  1 are  operated  by  the  car-control- 
ling  switch ; the  other  switches  operate  automatically. 
Whenever  a switch,  for  example  C\  operates,  its  plunger  e 
is  drawn  up,  thus  bringing  the  copper  disks  d,  d'  up  against 
the  contact  fingers  f,  f.  When  a switch  is  deenergized,  its 
plunger  drops  and  the  disks  make  contact  with  the  lower 
fingers  where  any  are  provided.  When  a disk  is  drawn  up, 
it  first  makes  contact  with  the  auxiliary  carbon  contacts  a, 
and  as  it  is  pulled  up  still  farther,  it  bears  against  a copper 
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contact  on  a finger  hinged  at  the  same  point  as  the  finger 
that  carries  the  carbon  contact.  When  a disk  drops,  it  first 
breaks  contact  at  the  copper  surfaces,  and  the  final  break 


takes  place  between  the  copper  and  the  carbon  terminal,  so 
that  there  is  no  danger  of  sticking.  The  carbon  pieces  are 
threaded,  so  as  to  prevent  their  working  loose  and  sliding 
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through  the  holders.  The  plungers  with  their  contact 
plates  are  free  to  revolve,  and  the  motion  of  the  switch 
gradually  works  them  around  so  that  whatever  burning 
takes  place  is  spread  around  the  whole  disk  instead  of  in 
one  place  only.  Switches  2,  3,  Jf,  and  5 operate  automat- 
ically, one  after  the  other,  and  the  voltage  at  which  they 
operate  is  adjusted  partly  by  regulating  the  initial  position 
of  the  plunger  by  means  of  the  adjustable  stops  //,  and 
partly  by  inserting  a resistance  in  series  with  each  solenoid. 
The  main  fuses  are  shown  at  k,  k\  they  are  of  the  enclosed 
type.  The  small  knife  switches  shown  at  c are  used  for  cut- 
ting off  the  car-controlling  switch,  so  that  the  motor  cannot 
be  started  from  the  car.  Push  buttons p u and  p d are  used 
to  allow  the  motor  to  be  operated  from  the  board.  These 
devices  are  very  useful  when  tests  are  being  made  to  locate 
trouble,  but  under  ordi- 
nary working  conditions 
they  are  not  in  use. 

Switches  A'  and  B'  con- 
trol the  direction  of  mo- 
tion of  the  car.  When  A’ 
operates,  the  car  descends, 
and  when  B'  operates,  it 
ascends.  Switch  C closes 
and  opens  the  main  circuit. 

86.  6 Car-Con- 

trolling Switch. — Fig.  41 
shows  the  car-controlling 
switch  used  with  the 
No.  6 controller,  the  cover 
being  removed  in  order 
to  show  the  working 
parts.  The  operating  han- 
dle is  shown  at  /^,  and 
it  normally  occupies  the 
central,  or  off,  position. 

When  moved  to  the  left,  the  ca^”  ascends,  and  when  moved 


Fig.  41. 
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to  the  right,  it  descends.  The  arm  carries  a contact  arc  b 
that  makes  contact  with  the  fingers  i,  3,  Jf,  etc.  when  the 
handle  is  moved  from  its  central  position.  The  arc  b is  of 
such  a length  that  when  the  handle  is  moved  to  its  extreme 
position  in  either  direction,  it  makes  contact  with  all  four 
fingers  on  the  side  to  which  it  is  moved.  The  handle  h is 
held  at  the  central  position  by  means  of  a spiral  spring  so 
that  if  the  operator  releases  the  handle,  it  at  once  returns  to 
the  off  position.  When  the  handle  is  at  the  off  position,  the 
projecting  rim  k rests  in  a notch  in  the  plate  /,  and  in  order 
to  move  the  handle,  it  must  first  be  pulled  out  against  the 
action  of  a spring.  Insulating  pieces  i are  inserted  between 
the  fingers,  as  shown,  in  order  to  avoid  short-circuiting. 

87.  Connections  for  ^^o.  G Magnet  Controller. — 
Fig.  42  shows  the  connections  of  the  No.  6 controller.  In 
this  diagram  the  positions  of  the  switches,  resistances,  and 
motor  armature  and  field  windings  have  been  arranged  so 
as  to  make  the  diagram  simpler  and  easier  to  follow  than  if 
the  various  parts  were  located  in  the  same  positions  that 
they  occupy  on  the  controller.  The  connections  are,  how- 
ever, the  same  as  used  on  the  controller  shown  in  Fig.  40, 
and  corresponding  switches  are  lettered  alike.  The  oper- 
ation is  on  the  whole  very  similar  to  that  of  the  G.  S.  con- 
troller. Terminal  ;r  of  the  operating  circuit  is  connected 
to  the  -j-  line  and  terminal  y to  the  — line.  By  throwing 
the  small  switch  c down  into  the  dotted  position  the  car 
cannot  be  operated  from  P' . Switch  in  is  normally  open, 
but  it  can  be  thrown  so  as  to  connect  t and  d or  t and  u. 
If  c is  thrown  down  to  the  position  c"  and  m is  thrown  down 
so  as  to  connect  t and  d,  magnet  A'  is  energized,  and  if 
push  button  p d is,  then  pressed,  current  will  flow  through 
the  coil  of  C and  the  elevator  will  move  down.  If  in  be 
thrown  up  so  as  to  connect  in  and  u and  button  p u pressed, 
switches  B'  and  C’  will  be  operated  and  the  car  will  move 
up.  In  other  words,  the  small  switches  and  push  buttons 
allow  the  machine  to  be  operated  from  the  controller  while 
the  switch  P'  is  cut  off. 


Fig.  42 


1 
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88.  Operation  of  Xo.  0 Magnet  Controller  on  Start- 
ing: Position. — Assume  that  the  operating  handle  is  moved 
to  the  left  so  as  to  bring  the  arc  z in  contact  with  u.  Start- 
ing from  ur,  the  path  of  the  operating  current  will  be  as 
indicated  by  the  arrows  through  the  coil  of  B'  to  the  nega- 
tive terminal  Note  that  this  current  passes  through  the 
small  contacts  1 and  2 of  switch  A',  so  that  unless  switch  A' 
is  down,  B'  cannot  be  drawn  up,  and  it  is  impossible,  there- 
fore, for  both  switches  to  be  drawn  up  together.  When  z is 
moved  still  farther  so  as  to  bring  it  in  contact  with  the  fin- 
ger p a current  is  set  up  through  the  operating  circuit, 
which  includes  the  solenoid  of  switch  C . This  current  may 
be  traced  as  follows : x-c-c'-p  ii-p  to  contact  p u on  stop- 
motion  switch-/-/^-through  solenoid  of  C'-6-5-Jf-3  to  line. 
This  current  operates  C , which  closes  the  main  circuit, 
releases  the  brake,  and  connects  the  shunt  field  and  extra 
field  across  the  armature.  The  various  paths  of  the  current 
are  indicated  by  the  arrows,  bearing  in  mind  that  B'  and  C 
are  now  up.  A powerful  magnetic  field  is  provided  by  the 
series  coils,  and  as  the  motor  combes  up  to  speed,  switches^, 
3,  Jf,  and  5 operate,  thus  short-circuiting  the  resistance  and 
the  series  field.  For  example,  when  switch  2 closes,  the 
main  current  passes  from  terminal  to  /v^,  thus  short- 
circuiting  the  first  two  resistance  sections.  When  the 
handle  of  P’  is  advanced  so  that  z makes  contact  with  fin- 
ger switch  No.  1 is  operated.  This  breaks  connection 
between  and  J/,  thus  cutting  out  the  extra  field.  The 
switches  are  now  all  up  except  A'  and  the  motor  runs  with 
a shunt  field  only;  the  resistance  is  all  cut  out  and  the 
motor  runs  at  its  maximum  speed.  When  C is  up  and  when 
switch  2 operates,  contact  is  broken  between  the  small  ter- 
minals 3 and  ^ so  that  the  current  through  C has  to  take 
the  path  through  the  resistance  to  the  negative  side  of  the 
circuit.  This  resistance  is  inserted  to  prevent  undue  heat- 
ing of  C and  also  to  save  current.  Also,  when  switch  5 is 
operated,  the  current  through  the  coils  of  2 and  3 is  cut  off, 
thus  preventing  these  coils  from  heating  and  cutting  off  the 
current  necessary  to  energize  them.  When  the  core  of  2 
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drops,  contact  is  established  again  between  points  S and 
but  in  the  meantime  it  has  been  broken  between  5 and  6 so 
that  the  current  through  C still  flows  through  the  resist- 
ance r^.  The  coils  of  1,  Jf,  and  5 have  considerable  resist- 
ance in  series  with  them  and  do  not  overheat.  It  is,  of 
course,  necessary  that  these  three  should  remain  up  while 
the  motor  is  running,  otherwise  the  extra  field  resistance, 
and  series  fields  would  not  be  cut  out,  while  with  switches  2 
and  3 it  is  not  necessary  that  they  should  remain  up  after 
sections  2 and  3 of  the  resistance  have  been  cut  out.  The 
voltage  at  which  switches  2,  3,  4-,  and  5 operate  is  adjusted 
by  means  of  the  resistances  switch  2 having  no 

resistance  and,  therefore,  operating  at  the  lowest  voltage. 
When  P'  is  moved  to  the  right,  switch  A'  is  energized  and 
the  elevator  descends  because  the  direction  of  the  current 
through  the  armature  is  reversed,  while  that  in  the  fields 
remains  the  same  as  before.  The  action  of  the  stop-motion 
switch  is  the  same  as  in  connection  with  the  G.  S.  controller 
and  needs  no  special  description. 

89.  Operation  of  Xo.  6 Controller  on  Stopping. — 

When  P'  is  moved  back,  contact  is  first  broken  with  the 
fu  finger.  This  drops  switch  1 and  cuts  one  section  of 
resistance  into  circuit  as  well  as  connecting  points  and  J/, 
thus  cutting  in  the  extra  field.  When  contact  is  broken 
with  finger  p all  the  resistance  is  cut  in  and  the  main  cir- 
cuit is  opened  because  switch  C is  dropped.  In  fact,  the 
switches  2^  3,  and  5 will  likely  operate  before  contact  is 
actually  broken  between  .a  and  pu^  if  the  operating  switch 
is  not  moved  too  quickly,  because  the  cutting  in  of  the  first 
section  of  the  resistance  and  the  extra  field  will  lower  the 
speed  and  thus  cut  down  the  E.  M.  F.  applied  to  coils  2^  3, 
Jf,  and  5.  When  C drops,  the  brake  is  applied  because  the 
circuit  through  the  brake  magnet  is  opened.  When  the 
main  circuit  is  opened  by  C\  the  armature  is  still  able  to 
send  a current  around  the  local  circuit  A-5, -through  stop- 
ping resistance  -/^--through  extra  field  and  extra-field  resist- 
ance-A because  switch  B'  has  not  yet  dropped. 
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This  generating  action  through  the  series  field,  together 
with  the  brake,  will  soon  stop  the  motor,  even  if  P'  is  not 
moved  to  the  vertical  position  and  connection  broken  with 
finger  u.  The  car  can,  therefore,  be  stopped  without  the 
necessity  of  operating  the  direction-controlling  switch.  For 
example,  if  the  elevator  were  making  an  up  trip,  stopping 
at  each  floor,  the  handle  would  be  moved  far  enough  to 
break  contact  with  p u only,  and  B’  would  remain  up  during 
the  whole  trip.  When  P[  is  moved  to  the  off  position, 
switch  B’  drops  and  the  stopping  resistance  is  connected 
directly  across  the  armature  terminals. 


AUTOMATIC  EUECTRIC  ELEVATORS. 

90.  General'  Description. — An  automatic  elevator  is 
one  that  does  not  require  a regular  operator,  but  is  so 
arranged  that  it  can  be  controlled  by  the  passenger.  These 
elevators  are  largely  used  in  private  dwellings  where  the 
elevator  is  not  used  very  frequently,  and  where  it  would  not 
be  desirable  or  convenient  to  have  an  elevator  boy. 

91.  Automatic  electric  elevators  are,  with  the  exception 

of  the  controlling  devices,  similar  to  other  direct-connected 
electric  elevators.  ' There  are  a number  of  different  styles 
of  them,  but  the  general  method  of  operation  is  about  as 
follows:  A push  button  is  provided  at  each  landing,  and  in 

the  car  there  are  as  many  push  buttons  as  there  are  floors. 
A passenger  at  the  third  floor  wishes,  say,  to  go  to  the  first 
floor.  He  presses  the  button  at  the  third  floor  and  the 
elevator  comes  up  or  down,  depending  on  what  location  it 
may  be  in  at  the  time,  and  when  it  reaches  the  third  floor  it 
stops  automatically,  at  the  same  time  unlocking  the  door. 
The  passenger  then  gets  in  the  car,  closes  the  door  of  the 
elevator  shaft,  and  presses  the  first-floor  push  button  in  the 
car.  The  car  then  descends  until  it  reaches  the  first^floor  and 
stops  there  of  its  own  accord.  In  the  automatic  elevator  made 
by  the  Otis  Company,  the  various  devices  are  so  arranged 
that  when  the  elevator  is  once  started  by  the  passenger 
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it  cannot  be  interfered  with  by  any  other  person.  Also,  it 
is  not  necessary  that  the  push  buttons  should  remain  closed 
while  the  elevator  is  in  motion.  All  that  is  necessary  is  to 
press  the  button  for  an  instant  and  then  release  it.  Various 
safety  devices  are  also  introduced;  for  example,  it  is  impos- 
sible to  operate  the  elevator  if  any  of  the  doors  of  the  shaft 
are  open,  and  no  person  on  any  of  the  floors  can  possibly  start 
the  elevator  if  anybody  at  any  of  the  other  floors  is  getting 
on  or  off.  We  will  describe  two  types  of  Otis  elevator 
provided  with  automatic  control,  and  these  will  serve  to 
illustrate  the  principle  of  automatic  control  in  general. 
The  two  types  are  practically  the  same  with  the  exception 
of  the  automatic  floor  controller,  which  is  geared  to  the 
elevator  drum. 


OTIS  AUTOMATIC  ELECTRIC  ELEVATOR. 

93.  General  Description. — Fig.  43  shows  an  Otis  auto- 
matic electric  hoisting  machine  provided  with  their  older 
type  of  floor  controller.  In  general  appearance  it  will  be 
noted  that  the  machine  is  much  the  same  as  those  previously 
described  in  connection  with  magnet  control.  About  the 
only  difference  is  the  addition  of  the  floor  controller  shown 
at  C.  A spiral  contact  band  a is  mounted  on  an  insulating 
drum,  which  is  moved  sidewise  by  a coarse  screw  as  it 
revolves,  so  that  the  contacts  d always  press  against  the  band. 
The  various  contacts  d connect  to  the  push  buttons  at  the 
different  floors.  The  controller  C is  used  to  determine  the 
direction  of  motion  of  the  car  when  any  given  button  is 
pressed,  and  also  to  stop  the  car  when  it  reaches  its  destina- 
tion; its  action  will  be  understood  when  the  electrical  con- 
nections are  described.  The  strip  d is  arranged  in  spiral 
form  on  the  drum  simply  to  avoid  the  use  of  a drum  of 
large  diameter. 

93.  Magnet  Controller  for  Automatic  Elevator. — 
Fig.  44  shows  the  magnet  controller  used  with  the  automatic 
elevator.  A'  is  the  main  switch  that  controls  the  direction 
of  rotation  of  the  motor.  A swinging  armature  x is  hung  as 
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shown,  between  the  poles  of  the  two  ironclad  magnets 
When  it  hangs  in  the  central  position,  the  circuit  is  open. 
When  a button  is  pressed,  one  or  the  other  of  the  magnets 
is  excited,  depending  on  the  direction  in  which  the  car  is  to 
move.  The  armature  is  drawn  over  and  contact  established 
between  the  swinging  terminals  j attached  to  the  arma- 


ture and  the  fixed  terminals  iv.  The  pair  of  magnets  C 
outs  out  the  starting  resistance,  and  magnet  B'  closes 
the  main  circuit  and  releases  the  brake.  The  devices 
shown  at  d,  e,  /,  and  k are  known  as  floor  inag;*iiets, 

and  their  function  is  to  hold  the  push-button  circuit  closed 
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after  it  has  been  once  pressed,  even  though  the  operator 
releases  the  push  button  itself ; their  action  will  be  explained 

later.  Magnets  /,  in 
are  provided  to  pre- 
V e n t interference 
with  the  elevator 
from  other  floors 
until  the  party  who 
is  already  operating 
it  is  through. 

94.  Connec- 
tions for  Auto- 
matic Elevator. — 
Fig.  45  shows  a dia- 
gram of  connections 
for  an  Otis  auto- 
matic elevator  with 
the  style  of  floor 
controller  shown  in 
Fig.  43.  Like  the 
preceding  diagrams, 
the  location  of  some  of  the  parts  has  been  changed  in 
order  to  make  the  connections  easy  to  follow.  The  dia- 
gram shows  the  connections  necessary  for  the  control  of 
the  elevator  from  four  floors.  JV  is  the  reversing  switch; 
the  open  contacts  are  mounted  on  the  swinging  armature 
and  the  shaded  contacts  are  fixed.  When  coil  is  excited, 
‘the  armature  is  drawm  towards  x,  and  the  open  contacts 
make  connection  with  the  lower  row  of  fixed  contacts,  as 
indicated  by  the  dotted  lines.  We  will  assume  that  with 
the  connections  shown,  the  car  moves  up  when  coil  is 
energized  and  down  when  t is  energized.  Switch  B'  closes 
the  main  circuit;  l'\  the  small  floor  magnets 

shown  at  etc..  Fig.  44;  i,  are  the  push  but- 
tons on  each  floor;  1\  2\  S',  4'  push  buttons  on  the 

elevator;  d^,  d^,  d^,  d^  are  door  contacts.  These  contacts  are 
in  series  and  are  connected  together  as  shown  only  when 
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all  the  doors  of  the  shaft  are  closed.  If  any  one  of  these 
contacts  is  open,  i.  e.,  if  any  door  is  not  closed,  it  is  impos- 
sible to  start  the  elevator.  The  two  switches  for  cutting 
out  the  resistance  and  the  series-field  coils  are  shown  at  c\ 
and  they  are  operated  by  magnet  in’ . C is  the  floor  controller 
driven  from  the  winding  drum.  The  two  segments  a! 
represent  the  strips  a shown  in  Fig.  43.  On  the  drum  itself 
they  are  put  on  spirally  in  order  to  allow  a small  diameter  of 
drum,  but  here  they  are  shown  as  two  arcs,  so  that  the  con- 
nections may  be  more  easily  followed.  With  the  position  of 
the  controller  shown,  the  car  is  at  the  bottom  of  the  shaft, 
i.  e.,  at  the  first  floor.  As  the  car  ascends,  the  controller 
turns  as  indicated  by  the  full-line  arrow,  and  a’  slides  from 
under  22’ ^ 33',  and  u’  in  succession.  At  the  same  time, 
segment  a comes  in  contact  with  11’ , 22’ , 33’ , and  44'  in 
succession. 

95,  When  switch  A'  is  pulled  by  coil  t,  contact  is  broken 
between  the  auxiliary  contacts  12,  12’ , thus  opening  the  cir- 
cuit through  coili’.  Also,  when  A'  is  operated  by  coil  i*, 
contact  is  broken  between  contacts  13,  13’,  thus  opening  the 
circuit  through  coil  t.  It  is,  therefore,  impossible  for  both 
s and  t to  be  excited  at  the  same  time.  When  switch  c’ 
makes  contact  at  R„  contact  is  broken  between  I4  and  14^ ; 
when  contact  is  made  at  R^,  contact  is  broken  between 
15  and  15’ . When  the  armature  of  magnet  m in^  is  drawn 
up,  contact  is  broken  between  points  9,  9’ ; when  the  arma- 
ture of  / is  attracted,  contact  is  made  between  points 
10,  10’.  When  magnets  1”,  2”,  3”,  etc.  operate,  contact  is 
made  between  5 and  5’,  6 and  6’,  etc.  When  buttons 
1’ , 2’,  3',  or  4'  are  pressed,  contact  is  made  between  wire  c 
and  the  wire  running  to  the  floor  magnet  corresponding  to 
the  button  that  has  been  pressed. 

96.  Operation  of  Automatic  Elevator. — As  already 
stated,  the  controller  C indicates  that  the  elevator  is  at  the 
first  floor.  Finger  11’  is  open-circuited,  and,  pressing  either 
button  1 or  1’  would  not  start  the  elevator,  because  it  is 
already  at  the  first  floor.  Suppose  a passenger  wishes  to  get 
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on  at  the  third  floor  and  then  go  down  to  the  first  floor.  He 
presses  the  third-floor  button  3,  and  the  elevator  moves  up 
to  the  third  floor  and  stops  there,  at  the  same  time  automatic- 
ally unlocking  the  door  of  the  shaft.  After  the  passenger 
has  entered  the  elevator  and  closed  the  door,  he  presses 
button  i'  in  the  car  and  the  elevator  descends  to  the  first 
floor  and  stops.  The  way  in  which  the  control  is  brought 
about  will  be  understood  by  following  the  circuits  in  Fig.  45. 

97.  When  button  3 is  pressed,  the  operating  current, 
starting  from  point  ^ on  the  main  -)-  wire  flows  through 
the  slack  cable  switch,  through  door  contacts  d-d-d-d^^ 
through  cable  to  car  and  through  safety  button  on  car  to  A- 
A-A-m -7)1-9’ -9-lJf!-lJ{.-17-18-19^  through  push  button  3-3, 
through  floor  magnet  3”-33-33-fingev  33'-stvip  rt:'-finger 
7i'-77-7i-ma.gnet  s- 12-12’ , through  U L magnet  of  B' , through 
limit  switch  on  machine,  through  limit  switches  at  bottom 
of  shaft,  to  negative  side  of  the  circuit  at_y.  This  operating 
current  accomplishes  several  results.  In  the  first  place,  it 
closes  magnet  3"  so  that  contacts  Q and  & are  brought 
together.  This  provides  a path  for  the  operating  current 
that  is  independent  of  the  path  through  push  button  3. 
The  current  can  now  flow  along  A A through  coil  in -r -6-6’ 
through  coil  3” , and  so  on  as  before.  Consequently,  after 
button  3 has  been  pressed  the  car  will  start  up,  even  though 
3 be  released  again,  and  it  is  not  necessary  for  the  passenger 
to  keep  the  button  pressed  until  the  car  reaches  its  destina- 
tion. All  that  is  necessary  is  to  press  3 long  enough  to 
allow  3”  to  attract  its  armature.  When  the  operating  cur- 
rent takes  the  path  through  6-6' , a resistance  r,  is  in  circuit, 
as  only  a small  operating  current  is  needed  to  hold  the  arma- 
tures after  they  have  been  attracted.  The  operating  cur- 
rent flows  through  and  one  coil  of  switch  B’ . Hence,  the 
reversing  switch  is  pulled  to  the  up  position  and  the  main 
circuit  is  closed,  thus  allowing  the  main  current  to  flow  as 
indicated  by  the  arrows  and  starting  up  the  motor.  The 
operating  of  these  switches  also  allows  current  to  flow 
through  the  shunt-field  coil  and  brake  solenoid,  thus  releasing 
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the  brake.  When  coils  in^  are  energized,  points  P,  9'  are 
separated,  thus  breaking  all  connection  between  wire  A A 
and  wire  i7,  18^  19,  which  leads  to  one  side  of  all  the  floor 
buttons;  consequently,  as  soon  as  one  button,  in  this  case  3, 
has  been  pressed,  the  buttons  on  all  the  other  floors  are 
cut  out  of  service,  and  it  is  impossible  for  any  other 
parties  to  operate  the  elevator.  As  the  motor  speeds  up, 
switch  Aj  operates  because  coil  in'  is  connected  across  the 
armature  terminals,  and  this  cuts  out  the  greater  part  of 
the  resistance,  at  the  same  time  separating  points  llf.,  IJf  . 
When  sufficient  speed  is  attained,  switch  operates  aad 
cuts  out  the  remainder  of  the  resistance  and  the  series  field, 
at  the  same  time  separating  points  15,  15' . 

98.  All  the  time  that  the  car  is  going  up  from  the  first 
floor  to  the  third,  controller  C is  turning  as  indicated  by  the 
arrow,  until,  when  the  third  floor  is  reached,  a'  slides  from 
under  finger  S3' , thus  interrupting  the  operating  current  and 
stopping  the  motor.  The  motor  is  stopped  by  the  band  brake 
and  no  provision  is  made  for  a dynamic  braking  action, 
as  these  elevators  are  not  intended  for  high-speed  service. 

99.  After  the  car  has  stopped  at  the  third  floor  and 

automatically  unlocked  the  shaft  door,  the  passenger  slides 
back  the  door,  thus  opening  the  operating  circuit  at  con- 
tacts and  making  it  impossible  for  any  persons  on  the 
other  floors  to  start  up  the  elevator  while  he  is  getting 
on.  After  closing  the  door  and  thus  reestablishing  contact 
at  d^,  he  presses  button  1' . This  allows  the  operating  cur- 
rent to  flow  as  follows,  starting  from  z as  before:  ^-slack 
cable  <a\N\\.Qh-d-d-d-d^,  through  cable  to  safety  button  on 
car-A-.^ -A -through  m-l-15'-15-c-c-c-c-l'-l-l-l-l"-ll- 

11-11' -a-d' -D-t-13-13' -D L,  through  limit  switch  on  ma- 
chine, through  limit  switches  at  bottom  of  shaft  to  y.  It 
must  not  be  forgotten  that  by  the  time  the  elevator  has 
reached  the  third  floor,  fingers  IV  and  22'  are  resting  on  con- 
tact strip  and  hence  are  in  connection  with  the  wire that 
runs  to  t.  Switches  B' , A',  and  C therefore  operate  as 
before,  except  that  A'  allows  the  current  to  flow  through  the 
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armature  in  the  reverse  direction  and  reverses  the  motor. 
Floor  magnet  1"  makes  contact  between  8 and  8\  so  that  the 
operating  current  will  continue  to  flow  even  after  the  but- 
ton 1’  is  released.  Contacts  P,  9'  are  also  separated,  so  that 
the  push  buttons  i,  2,  S,  are  cut  out  while  the  elevator  is 
in  motion.  Magnet  / is  excited  and  makes  contact  between 
10  and  10',  thus  allowing  current  to  flow  to  the  negative 

line  by  the  path  A-m-l-lO'-lO-r^ , and  this  current 

holds  10  and  10'  in  contact,  even  though  the  operating  cur- 
rent through  1"  is  interrupted  by  the  controller  C when  the 
elevator  reaches  the  first  floor.  When  the  elevator  reaches 
the  first  floor,  it  is  automatically  stopped  by  the  controller, 
as  already  explained,  but  contacts  9 and  9'  are  still  separated 
and  contacts  10  and  10'  closed,  because  current  still  flows 

through  the  path  z-d-d-d-d -A-A-A-m  -I-IO' -10-r ^ . 

The  result  is  that  no  one  can  interfere  with  the  elevator 
because  pushes  i,  2,  3,  Jf  are  cut  out.  This  current  through  m, 
and  I continues  to  flow  until  the  door  is  opened,  thus  break- 
ing the  circuit  at  d^  and  allowing  the  armature  of  in  and  / 
to  drop.  After  the  passenger  has  gotten  out  and  after  the 
door  has  been  closed  again,  thus  bridging  the  break  at  d^, 
the  elevator  may  be  operated  from  the  other  floors,  but  not 
before;  thus  avoiding  the  possibility  of  accident  while  the 
passenger  is  getting  out. 

By  tracing  out  the  connections  and  bearing  in  mind  the 
action  of  the  controller  C,  the  student  will  see  that  the  car 
is  under  complete  control  at  all  times,  and  that  it  is  practi- 
cally impossible  for  any  person  to  interfere  with  the  opera- 
tion while  another  person  is  using  it.  The  unlocking  as 
well  as  the  opening  of  the  doors  on  these  elevators  is  usually 
automatic. 


OTIS  AUTOMATIC  ELECTRIC  ELEVATOR  WITH  NO.  8 
FLOOR  CONTROLLER. 

100.  General  r>eserii)tion. — The  style  of  floor  con- 
troller shown  in  Fig.  43  and  indicated  at  C,  Fig.  45,  has 
been  superseded  by  a later  type  shown  at  C,  Fig.  4G.  Both 
styles  are,  however,  in  use,  so  that  it  has  been  thought 
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advisable  to  illustrate  both  of  them.  The  floor  controller  in 
Fig.  46  is  considerably  different  in  construction,  but  it 
accomplishes  the  same  results  as  the  older  type;  it  is 
mounted  on  top  of  the  motor  and  driven  by  a chain  a run- 
ning over  a sprocket  wheel  on  the  end  of  the  drum  shaft. 


Fig.  46. 


The  controller  C serves  also  as  a limit  switch,  so  that  it  is 
not  necessary  to  provide  the  hoisting  machine  with  the 
usual  traveling  nut  operating  a limit  switch.  Fig.  47  is  a 
larger  view  showing  one  side  of  the  controller.  The  sprocket 
wheel  s is  revolved  by  means  of  the  chain,  and  by  means  of 
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reduction  gearing  turns  a shaft  b through  an  arc  propor- 
tional to  the  total  rise  of  the  elevator.  On  this  shaft  a 
number  of  arms  c are  mounted,  each  arm  carrying  a small 
roller  d.  On  shaft  e a number  of  cams  /"are  loosely  pivoted, 
each  cam  carrying  at  its  end  a cross-contact  piece  g\  the 
shape  of  these  contact  pieces  is  more  clearly  indicated  by 
the  large  one  shown  at  g' . Each  contact  has  a groove  in 
which  the  rollers  d press  as  shaft  b revolves,  thus  forcing  up 
the  contact  and  making  connection  between  the  two  clips 


with  which  it  is  brought  in  contact.  There  are  two  rows  of 
contacts,  one  on  each  side  of  the  controller,  together  with  a 
corresponding  number  of  arms,  cams,  and  cross-contact 
pieces.  The  two  pairs  of  large  terminals  shown  at  id 
connect  to  the  main  circuit,  contact  being  made  between 
them  by  means  of  the  large  cross-contact  piece  and  a sim- 
ilar one  on  the  other  side  of  the  controller.  These  two  main 
switches  are  operated  by  the  arms  w,  m\  This  controller 
accomplishes  the  same  result  as  the  one  shown  at  C in 
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Fig.  43,  but  uses  a series  of  mechanically  operated  SAvitches 
in  place  of  a series  of  brushes  with  a sliding  contact. 

101.  Connections  for  Otis  Automatic  Elevator  Witli 
Xo.  2 Floor  Controller. — Fig.  48  is  a diagram  of  connec- 
tions for  this  type  of  controller.  It  will  be  noted  that  it  is 
very  similar  to  Fig.  45,  the  limit  switch  on  the  machine 
and  switch  B'  being  omitted.  The  up-and-down  magnets 
on  switch  A'  are  reversed  in  position  from  that  in  the  first 
diagram,  but  this  is  immaterial,  as  the  direction  of  rotation 
of  the  motor  may  be  kept  the  same  in  both  cases  by  revers- 
ing the  armature  terminals  at  the  motor.  The  two  large 
cross-contact  pieces  on  the  controller  are  shown  at  g',  g'\ 
and  the  small  contacts  are  indicated  at  11’,  33’,  22”,  etc., 
there  being  but  three  small  movable  contacts  on  each  side 
in  the  diagram,  because  the  elevator  is  controlled  from  four 
floors  only.  With  the  diagram  as  shown,  the  car  is  supposed 
to  be  at  the  first  floor.  All  the  left-hand  contacts  of  the 
controller  are  out  and  all  the  right-hand  ones  are  in,  con- 
necting the  floor  magnets  to  the  u line  and  allowing  current 
to  flow  through  the  up  magnet  of  switch  A’  when  any  one 
of  the  push  buttons  2,  3,  or  is  pressed.  As  the  car  moves 
away  from  the  first  floor,  11’  closes,  and  when  it  reaches  the 
second  floor,  22’  opens.  As  it  moves  aAvay  from  the  second 
floor,  22”  closes,  and  when  it  reaches  the  third  floor,  33’ 
opens;  and  so  on.  When  the  car  reaches  its  upper  limit  of 
travel,  switch  g'  is  opened  and  when  it  reaches  its  lower 
limit,  g”  is  opened,  thus  cutting  off  the  main  current. 
When  the  elevator  descends,  the  switches  open  and  close  in 
the  reverse  order.  The  small  arrowheads  show  the  path  of 
the  operating  current  when  button  No.  3 is  pressed  to 
bring  the  car  up  to  the  third  floor.  The  large  arrowheads 
show  the  path  of  the  main  current.  It  will  not  be  necessary 
to  trace  these  through,  since  outside  of  the  part  through 
switch  C they  are  practically  the  same  as  explained  in  con- 
nection Avith  Fig.  45.  Ordinarily,  the  SAvitch  ./d'Avould  open 
the  main  circuit  and  SAvitches^'  and  are  intended  more  as 
a safety  device  in  case  A’  does  not  operate. 
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SPRAGUE-PRATT  SCREW  ELEVATOR. 

102.  General  Descrii>tioii. — The  hoisting  mechanism 
of  this  elevator  differs  in  a marked  degree  from  those  pre- 

viously  described;  Fig.  49  shows 

the  general  construction.  It  has  no 
winding  drum,  the  cable  being 
taken  up  over  a number  of  mul- 
tiplying sheaves.  The  hoisting 
rope  //,  or  rather  set  of  four  ropes, 
passes  over  the  fixed  sheaves  S'  and 
movable  sheaves  5 and  is  anchored 
at  A . The  motor  M revolves  a long 
screw  A,  which  is  directly  coupled 
to  the  motor  shaft.  On  this  screw 
is  a nut  iV,  which  is  not  connected 
in  any  way  with  any  other  part  of 
the  mechanism.  A crosshead  carry- 
ing sheaves  6"  is  arranged  to  slide 
on  the  base  A,  and  when  screw  A is 
3,-  revolved  by  the  motor,  the  nut 
bears  against  the  crosshead  and 
^ moves  the  sheaves  5 to  the  right, 
thus  taking  up  the  cable  and  rais- 
ing the  car.  The  construction  of 
the  nut  N and  the  sheave  bearings 
is  such  that  there  is  very  little 
friction,  and  the  efficiency  of  the 
hoisting  mechanism  is  so  high 
(about  70  per  cent,  from  car  to 
motor)  that  when  the  car  is  de- 
scending, the  pull  against  the  cross- 
head revolves  the  screw  and  motor 
in  the  reverse  direction,  thus  dri- 
ving the  motor  as  a generator.  The 
sheaves  are  usually  designed  to  give 
a multiplication  of  8 to  1,  so  that 
the  amount  of  rope  that  the  ma- 
chine takes  up  is  8 times  the  travel 
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of  the  screw.  For  high  rises  and  high  speed,  there  is 
a further  multiplication  of  2 to  1 on  the  counterbalance. 
The  ropes  lead  from  the  car  over  the  overhead  sheaves, 
down  around  a sheave  on  the  counterbalance,  up  to  and 
anchored  at  the  top  of  the  building.  The  ropes  leading 
to  the  machine  are  attached  to  the  bottom  of  the  coun- 
terbalance. There  are  four  of  these  ropes,  as  indicated 
in  the  end  view.  Fig.  49,  two  of  them  passing  around 
the  eight  sheaves  on  one  side  of  the  machine,  and  the 
other  two  passing  around  the  eight  sheaves  on  the  other 
side.  The  travel  of  the  car  is,  therefore,  16  times  that  of 
the  nut.  The  screw  E is  always  under  tension,  no  matter 
what  the  load  on  the  elevator  may  be  and  no  matter 
whether  it  be  moved  up  or  down.  This  is  necessary  with 
this  type  of  elevator  because  the  construction  of  the  nut  and 
screw  is  such  that  the  pressure  between  them  must  always 
be  in  the  one  direction,  and  the  tension  on  the  rope  is  the 
only  driving  power  that  the  elevator  has  when  descending. 
These  machines  are  not,  therefore,  overbalanced. 

103.  Motor. — The  motor  used  with  the  Sp**ague-Pratt 
elevator  is  of  the  ordinary  direct-current  four-pole  type 
with  compound  field  winding.  It  is  mounted  at  the  right- 
hand  end  of  the  machine,  as  shown  at  J/,  Fig.  49,  and  needs 
no  special  description. 

104.  Transmitting  Devices. — The  transmitting  de- 
vices of  this  elevator  are  of  special  interest.  The  use  of  the 
screw,  traveling  nut,  and  sheaves  makes  the  action  similar 
in  many  respects  to  that  of  a hydraulic  elevator.  The 
.sheaves  are  mounted  on  roller  bearings  so  as  to  run  with 
little  friction,  and  the  traveling  nut  is  arranged  so  that  the 
thread  of  the  screw  bears  against  balls.  Fig.  50  shows  a 
section  of  the  ball  nnt.  Steel  balls  a are  arranged  as 
shown,  and  when  the  screw  turns,  these  balls  revolve  and 
work  their  way  along  through  the  nut,  passing  in  at  one 
end,  traveling  through  the  nut,  and  returning  by  way  of 
the  channel  b in  one  side.  The  rolling  friction  of  such  a 
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nut  is  very  much  less 
than  the  sliding  friction 
of  an  ordinary  nut.  In 
addition  to  the  ball 
nut  A,  there  is  pro- 
vided a safety  nut  B, 
which  is  without  balls, 
because  under  ordinary 
circumstances  there  is 
no  pressure  taken  up 
between  its  threads  and 
those  of  the  screw. 
The  safety  nut  is  pro- 
vided for  two  purposes, 
namely:  to  prevent 

slack  cable  and  also  to 
hold  the  crosshead  in 
case  the  threads  on  the 
ball  nut  or  screw  should 
strip.  This  last  contin- 
gency is  something  that 
never  occurs  if  the  ele- 
vator receives  any  kind 
of  inspection,  but  as 
these  elevators  are  in- 
tended for  passenger 
service,  it  is  advisable 
to  take  every  possible 
precaution.  When  the 
car  is  drawn  up,  there 
is  a thrust  between  the 
conical  bearing  c and 
the  crosshead  that 
carries  the  movable 
sheaves,  and  since  the 
friction  of  this  conical 
bearing  is  much  greater 
than  the  friction  of  the 
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screw,  the  nut  docs  not  revolve,  but  travels  along  the 
thread,  thus  pushing  the  crosshead  and  raising  the  car. 
When  the  car  descends,  the  pull  on  the  rope  runs  the 
screw  backwards,  and  with  it  the  motor,  which  now 
runs  as  a generator.  When  the  pressure  on  the  nut  is 
released,  the  screw  continues  to  revolve  on  account  of  the 
momentum  of  the  armature,  and  the  cable  would  be  slack- 
ened if  the  nut  did  not  revolve  with  the  screw.  As  soon, 
however,  as  the  pressure  on  bearing  c is  released,  springs  e, 
which  are  normally  compressed,  force  nuts  B and  A apart, 
thus  bringing  the  threads  of  the  safety  nut  into  contact  with 
those  of  the  screw  and  producing  enough  friction  to  make 
the  screw  and  nut  revolve  together  and  thus  hold  fhe  cross- 
head stationary.  Again,  if  the  threads  of  the  ball  nut 
should  wear  excessively,  or  strip,  the  pressure  is  taken  up 
on  the  safety  nut,  which  then  revolves  with  the  screw  and 
indicates  the  defect.  A buffer  //,  Fig.  49,  is  provided  for 
the  nut  to  strike  against  when  it  reaches  the  limit  of  its 
travel  corresponding  to  the  lowest  position  of  the  car. 
When  it  reaches  the  upper  limit,  the  end  of  the  nut  comes 
up  against  the  shoulder  Fig.  50,  and  any  further  turning 
of  the  screv/  simply  causes  the  nut  to  revolve  with  it.  The 
nut  shown  in  Fig.  50  is  the  later  type  using  a hollow  screw 
of  large  diameter  with  f-inch  balls.  The  balls  used  on 
earlier  types  of  the  machine  were  ^ inch  in  diameter,  but 
this  size  was  found  to  be  rather  small.  The  nut  shown 
contains  320,  f-inch  balls.  The  nut  used  formerly  had 
240,  f-inch  balls. 

105.  Thrust  Bearing-. — The  thrust  of  the  screw  is 
taken  up  by  a special  form  of  thrust  bearing,  which  is  located 
at  j9.  Fig.  49,  on  the  back  end  of  the  motor  frame.  The 
thrust  is  taken  up  on  a large  number  of  small  rolls  placed 
between  two  hardened  steel  plates.  One  plate  is  carried  by 
the  field  yoke  and  the  other  revolves  with  the  shaft.  The 
small  rolls,  180  in  number,  f inch  in  diameter  by  ^\-inch 
face,  are  placed  in  openings,  arranged  in  spiral  form,  in  a 
bronze  plate.  A plate  containing  these  rollers  is  shown  in 
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Fig.  51 ; this  is  placed  between  the  two  hardened  plates  pre- 
viously mentioned,  and  the  whole  thrust  bearing  is  arranged 
so  as  to  run  in  oil. 
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Fig.  51. 


lOG.  Brake. — The  elevator  is  provided  with  a band 
brake  controlled  by  a solenoid.  This  brake  is  shown  at  O, 
Fig.  49,  and  consists  of  a steel  band  lagged  with  wood. 
The  band  covers  about  three-fourths  of  the  circumference 
of  the  brake  wheel.  The  solenoid  iV  operates  against  a 
spring,  so  that  when  the  magnet  is  excited  the  brake  is 
released,  and  when  it  is  demagnetized  the  brake  is  at  once 
applied  by  the  spring. 


107.  Limit  SAvitelies. — Two  limit  switches  L and  Z', 
Fig.  49,  are  mounted  on  the  base  and  are  operated  by  pro- 
jections on  the  traveling  crosshead,  so  that  if  the  sheaves 
reach  the  limit  of  their  travel  in  either  direction,  the  motor 
is  stopped.  Switch  Z is  ordinarily  closed,  and  when  the  car 
reaches  the  upper  limit  of  its  travel  it  is  opened,  thus  open- 
ing the  main  circuit  and  applying  the  brake.  When  the 
car  is  descending,  switch  L'  is  normally  open  and  when  L 
is  operated  at  the  lower  limit  it  is  closed,  thus  cutting  in  a 
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resistance  across  the  motor  and  g-radiially  cutting  it  out 
with  further  motion  of  the  crosshead.  A centrifugal  gov- 
ernor g is  belted  to  the  screw,  and  if  the  speed  exceeds  the 
allowable  limit,  this  governor  opens  a circuit  and  effects  an 
application  of  the  brake. 

108.  Metliod  of  Control. — The  method  of  control  used 
with  the  Sprague-Pratt  elevator  is  similar  in  many  respects 
to  the  magnet-control  method  previously  described.  The 
magnet  type  of  controller  might  be  used  with  this  type 
of  elevator,  but  many  of  the  Sprague-Platt  machines  are 
equipped  with  a controller  in  which  resistance  is  cut  out  by 
means  of  a sliding  arm  moved  by  a small  pilot  motor.  The 
closing  of  the  main  circuit  and  the  reversing  of  the  motor  is 
accomplished  by  means  of  electromagnetic  switches  very 
similar  to  those  shown  in  Fig.  40.  The  pilot  motor  is  under 
the  control  of  the  car  operator  and  is  operated  by  means  of 
a car-operating  switch  in  a manner  similar  to  that  already 
described  in  connection  with  magnet  control. 

109.  Sprague-Pratt  Vertical  Tyi>e  Elevator. — Most 
of  the  Sprague-Pratt  machines  have  been  of  the  horizontal 
type  shown  in  Fig.  49.  In  cases  where  two  or  more  elevators 
are  required,  these  horizontal  machines  are  placed  one  on 
top  of  the  other,  thus  economizing  space,  but  a number  of 
machines  have  been  built  so  that  they  may  be  placed  verti- 
cally in  the  same  way  as  a hydraulic  elevator.  Fig.  52 
shows  the  general  arrangement  of  one  of  these  vertical 
machines.  The  motor  JT  is  at  the  bottom  of  the  shaft.  The 
fixed  sheaves  A are  mounted  just  below  the  lower  limit  of 
the  counterbalance,  and  the  movable  sheaves  5 travel  up  and 
down  in  guides.  The  rope  running  to  the  sheaves  is  fastened 
to  the  under  side  of  the  counterbalance,  and  there  is  a multi- 
plication of  2 to  1 between  the  counterbalance  and  the  car, 
as  indicated.  The  vertical  type  has  some  important  advan- 
tages over  the  horizontal  type.  In  the  horizontal  type,  the 
long  screw  always  tends  to  sag  more  or  less,  thus  producing 
uneven  wear.  This  sagging  effect  also  produces  uneven 
wear  on  the  motor  bearings  and  on  the  thrust  bearing. 
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When  the  machine  is  placed  in  the  vertical 
position,  these  effects  are  done  away  with 
entirely,  and  the  additional  advantage  is 
gained  that  the  weight  of  the  screw,  arma- 
ture, and  sheaves  tends  to  counterbalance 
some  of  the  thrust  and  thus  reduces  the 
effective  pressure  on  the  thrust  bearings. 


FRASER  BIFFEREXTIAE  EFFVATOR. 

110.  General  DescriiRion. — This  ele- 
vator has  not  as  yet  been  widely  used, 
but  as  it  is  very  simple  in  construction 
and  easily  controlled,  it  is  probable  that  it 
will  prove  valuable  for  many  kinds  of  service. 
It  is  manufactured  by  the  Otis  Elevator  Com- 
pany. The  principle  on  which  the  elevator 
operates  is  an  interesting  one  and  will  be 
understood  by  referring  to  Fig.  53 ; A is  the 
car;  B and  C two  pulleys  that  revolve  in 
opposite  directions,  as  shown.  IV  is  the 
counterweight  and  D an  endless  rope  pass- 
ing over  the  pulleys  B,  C,  and  around 
pulleys  B and  V on  the  car  and  counter- 
weight. Pulleys  B and  C are  driven  by 
independent  sources  of  power,  so  that  their 
speed  with  regard  to  each  other  may  be 
changed.  If  the  circumferential  speed  of  B 
is  exactly  the  same  as  that  of  C,  it  is  evident 
that  the  rope  will  simply  pass  around  over 
the  pulleys  and  the  car  will  remain  stationary. 
If,  however,  the  circumferential  speed  of  C 
is  made  greater  than  that  of  B,  the  rope  Avill 
be  passed  over  C faster  than  it  is  taken  up 
by  B and  the  car  will  descend.  If  the 
circumferential  speed  of  B is  greater  than 
that  of  C,  the  rope  will  be  taken  up  by  B 
faster  than  it  is  paid  out  by  C,  and  the  car 


38 


ELEVATORS. 


93 


will  ascend;  the  greater  the  difference  in 
circumferential  speed,  the  greater  is  the 
speed  of  the  car.  It  should  be  noted  that 
the  action  depends  on  the  difference  of  cir- 
cumferential speed,  or  upon  the  difference  in 
speed  at  which  the  rims  of  sheaves  B and  C 
travel.  Pulleys  B and  C may  or  may  not 
revolve  at  the  same  speed  when  the  car  is 
stationary,  depending  on  whether  or  not 
they  have  the  same  diameter. 

This  type  of  elevator  allows  the  car  to  be 
stopped,  raised,  and  lowered  without  stop- 
ping or  reversing  the  driving  motors.  This, 
of  course,  is  a great  advantage.  Usually 
electric  motors  are  used  for  driving  B and  C, 
though  steam  engines  or  a combination  of 
engines  and  motors  could  be  used.  Another 
advantage  of  this  elevator  is  that  it  does 
not  require  a winding  drum  with  its  accom- 
panying gearing. 

111.  Fig.  54  shows  the  general  arrange- 
ment of  an  elevator  embodying  this  prin- 
ciple and  driven  by  means  of  two  electric  motors.  B and  C 
are  the  two  pulleys,  the  circumferential  speed  of  which 
is  varied  by  changing  the  speed  of  the  motors  m,  in\ 
The  endless  rope  D is  in  this  case  not  attached  to  the 
car,  but  runs  around  a pulley  E carried  on  the  bottom 
of  the  counterweight  IV  and  around  the  pulley  Y car- 
ried on  the  under  end  of  the  rope-tightening  device  N. 
The  ropes  L are  attached  to  the  car,  and  after  passing 
over  sheave  J/  are  attached  to  the  counterweight.  The 
ropes  F also  attach  to  the  top  of  the  counterweight,  and 
after  passing  over  sheave  G and  through  cross-bar  3,  are 
fastened  to  cross-bar  p of  the  tightening  device.  By  draw- 
ing bar  Jf  down  on  the  threaded  rods,  the  ropes  can  be 
tightened  to  any  desired  degree.  The  speed  of  the  motors 
is  controlled  from  the  car,  and  in  making  a trip  they  are  not 
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fig.  54. 
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stopped  when  the  elevator  stops  at  the  various  floors;  they 
are  merely  made  to  run  at  the  same  speed  by  means  of  the  car 
controller.  While  the  car  is  ascending,  pulley  B runs  faster 
than  and  in  order  to  make  it  descend,  all  that  is  neces- 
sary is  to  make  C run  faster  than  B.  The  variations  in 
speed  are  readily  accomplished  by  varying  the  field  strength 
of  the  motors.  The  controller  is  arranged  so  that  when  the 
handle  occupies  the  central  position,  the  speed  of  both 
motors  is  alike  and  the  car  is  stationary,  and  when  moved  to 
either  side  of  the  center,  the  speed  of  either  one  or  other  of  the 
motors  is  changed.  A small  auxiliary-operating  handle  is 
also  provided  in  connection  with  the  main  handle,  so  that  by 
pulling  up  on  it  the  operator  can  stop  both  motors  when  the 
elevator  is  not  in  use. 


ELEVATORS. 

(PART  3.) 


HYDRAULIC  ELEVATORS. 


IlS^TRODUCTIO^^. 

1,  Hydraulic  elevators  are  still  considered  by  the 
majority  of  engineers  as  being  the  most  suitable  for  large 
passenger-service  plants  with  their  high  lifts  and  great 
speeds,  although  the  electric  elevator  has  since  its  advent 
become  a powerful  competitor.  The  hydraulic  elevator  is 
intrinsically  safe,  reliable,  smooth-acting,  and  under  perfect 
control.  It  requires  comparatively  less  care  in  operation 
than  the  electric  elevator,  the  mechanism  being  very  simple. 
The  cost  of  maintenance  is  small,  the  wearing  parts  being 
few  and  easily  and  cheaply  replaced. 

On  the  other  hand,  the  hydraulic  elevator  is  cumbersome, 
requiring  much  space,  especially — and  this  is  the  case  in 
most  large  plants — where  the  water  pressure  available  is  not 
high  enough  for  direct  use  in  the  elevator  cylinders,  so  that 
the  installation  of  steam  pumps,  reservoirs,  or  tanks,  and 
the  necessary  piping  becomes  necessary,  not  mentioning  a 
boiler  plant,  which  we  may  assume,  for  the  sake  of  the  com- 
parison, as  being  already  in  existence  for  other  than  the  ele- 
vator service.  Thus,  the  first  cost  is  great  compared  with 
that  of  an  electric  elevator  plant,  which,  in  case  the  right 
current  is  already  available,  either  from  a central  station  or 
from  an  isolated  lighting  plant  in  the  building,  consists  of 
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the  elevator  machine  only,  which  may  even  be  placed  on  top 
of  the  hoistway,  and  in  case  the  current  must  be  generated 
expressly  for  the  elevator,  of  an  additional  steam-engine-  or 
gas-engine-driven  dynamo,  but  no  cumbersome  tanks  or 
piping  The  installation  is  thus  simple  and  cheap,  the 
space  needed  but  small.  There  are  advantages,  then,  in 
both  systems,  and  which  one  to  select  depends  on  many  cir- 
cumstances which  must  be  weighed  against  one  another  by 
the  architect  and  owner,  but  not  by  the  operating  engineer, 
who  should  have  no  prejudice  against  the  one  or  the  other, 
’but  should  be  equally  familiar  with  both. 


PLUNGER  ELEVATORS. 


SERVICE. 

2.  The  simplest  kind  of  hydraulic  elevator  is  the  direct- 
acting  or  plunger  elevator.  It  is  also  the  oldest  kind  of 
hydraulic  elevator  and  has  been  used  for  a long  time,  both 
for  freight  and  passenger  service,  for  short  lifts.  It  has 
been  until  recently  considered  unsuitable  for  high  lifts  and 
high  speeds,  and  is  therefore  found  installed  in  great 
numbers  as  yet  only  for  sidewalk  lifts,  slow  freight  ele- 
vators, and  similar  service.  Lately,  however,  the  possi- 
bility of  using  this  type  of  elevators  for  greater  lifts  and 
speeds  has  been  recognized,  and  it  is  safe  to  predict  that  they 
will  be  more  frequently  installed  than  before  and  for  even 
the  severest  service. 

CONSTRUCTION. 

3.  Fig.  1 shows  a plunger  elevator  made  by  Morse, 
Williams  & Co.,  of  Philadelphia,  Pennsylvania,  for  short 
lifts. 

4.  Motor. — The  motor  in  this  machine  consists  of  a 
vertical  cylinder  A sunk  into  the  ground  below  the  bottom 
of  the  hoistway  and  a plunger  P.  The  cylinder  is  closed  at 
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the  bottom  and  has  an  enlarged  head  above  ground  contain- 
ing the  stuffingbox  B and  an  opening  for  the  pipe  through 
which  the  water  under  pressure  enters  the  cylinder  and  is 
discharged  from  it.  The  cylinder  must,  of  course,  be  sunk 
plumb.  If  the  subsoil  is  soft  earth,  it  is  first  necessary  to  sink 
a steel  pipe  (7,  called  the  casing,  through  which  the  earth  is 
removed.  When  the  subsoil  is  rock  no  casing  is  required, 
the  hole  for  the  cylinder  being  drilled. 

For  high  lifts  the  cylinder  is  made  up  of  sections.  The 
Plunger  Elevator  Company,  of  Worcester,  Massachusetts, 
use  steel  tubing,  which  they  square  up  and  thread  in  the 
lathe,  connecting  the  sections  by  means  of  couplings.  This 
insures  a perfectly  straight  cylinder.  Before  burying  in  the 
ground  the  cylinder  is  tested  and  given  a coat  of  preservative 
paint. 

The  plunger  when  required  to  be  long  is  also  made  up  of 
sections  of  steel  tubing.  Fig.  2 shows  the  special  joint 
used  by  the  company  named  above.  The 
plunger  is  turned  to  uniform  size  and  pol- 
ished. 


I 


I 
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5.  Transmitting  Devices. — As  the  car 
rests  directly  on  top  of  the  plunger,  there 
are  no  transmitting  devices,  such  as  drums, 
ropes,  and  sheaves.  The  car  is  fastened  to 
the  plunger,  which  is  provided  with  a 
head  H for  the  purpose.  The  head  shown 
in  Fig.  1 is  simply  a cast-iron  plate  clamped 
to  the  plunger.  This  arrangement,  while 
sufficient  for  unbalanced  small  elevators, 
would  be  dangerous  for  large  counterbal- 
anced ones,  inasmuch  as  should  the  connec- 
tion between  the  head  and  the  plunger  give 
way,  the  counterweights  would  jerk  the  car  upwards  against 
the  overhead  work.  Great  care  is,  therefore,  taken  in  bal- 
anced elevators  of  this  kind  to  make  the  aforesaid  connection 
very  rigid  and  reliable.  The  manner  in  which  this  is  done 
by  the  Plunger  Elevator  Company  is  shown  in  Fig.  3. 


Fig.  2. 
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The  plunger  has  a flange  formed  on  its  upper  end  that  fits 
into  a corresponding  recess  of  the  head  //.  The  latter,  in 
turn,  is  securely  bolted  to  the  framework  of  the  car  plat- 
form. Besides  this  flange  connection  a second  security 


Fig.  3. 


against  the  parting  of  the  car  and  plunger  is  provided  by  a 
tie-rod  R which  runs  all  the  way  through  the  plunger, 
through  the  bottom  of  the  same,  and  through  the  framework 
of  the  car  platform.  Instead  of  the  rod  R a loop  of  galva- 
nized iron  rope  is  often  used  for  the  same  purpose. 

6.  Counterbalancing. — Low-lift  plunger  elevators  are 
generally  not  counterbalanced  at  all.  High-lift  elevators 
are  counterbalanced,  but  not  overbalanced,  since  the  power 
acts  only  on  the  up  stroke  of  the  plunger.  Enough  of 
the  weight  of  the  car  and  plunger  is  left  unbalanced  to 
secure  the  descent  of  the  car  at  the  proper  speed  when 
empty.  The  upward  pressure  of  the  water  on  the  plunger 
gradually  diminishes  as  the  plunger  goes  up  by  an  amount 
corresponding  to  the  increasing  height  of  the  water  that 
displaces  the  plunger.  To  equalize  this  change  of  pressure, 
the  counterweights  are  suspended  from  cables  of  such  size 
that  the  weight  per  each  foot  of  their  length  passing  over 
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the  overhead  sheaves  will  be  equal  to  the  weight  of  1 foot  in 
height  of  water  displacing  the  plunger. 


7.  Controlling  Devices. — The  controlling  devices  con- 
sist simply  of  a balanced  three-way  water  valve  operated  by 
a simple  shipper  rope,  or  a shipper  rope  in  connection  with 
some  more  elaborate  operating  device.  The  simple  shipper 
rope  is  generally  used  with  the  smaller  machines,  while  an 
operating  device  of  more  elaborate  form  is  used  for  the 
larger  machines. 

The  valve  in  a hydraulic  elevator  constitutes  the  only 
controlling  device,  being  power  control  and  brake  at  the 
same  time.  As  a power  control  it  shuts  off  the  power  at 
the  will  of  the  operator;  as  a brake  it  is  so  designed  as  to 
shut  off  the  water  gradually  by  throttling.  This  object  is 
most  easily  attained  by  a piston  valve,  which  type  of  valve 
is  used  exclusively.  Thus,  while  there  is  no  brake  in  the 
common  meaning  of  the  word  in  hydraulic  elevators,  it  is, 
nevertheless,  there  as  in  any  other  elevator,  but  in  a differ- 
ent form. 

This  identity  of  power  control  and  brake  is  one  of  the 
intrinsically  valuable  features  of  the  hydraulic  elevator, 

since  by  opening  the  water  pas- 
sages more  or  less,  the  speed  of 
the  car  can  be  regulated  to  a 
nicety  and  in  harmony  with  the 
load  it  carries,  which  feature  is 
not  easily  attained,  if  attained  at 
all,  in  any  other  kind  of  eleva- 
tor. Generally  the  valve  is  pro- 
portioned by  the  installators  so 
that  when  fully  open  it  will  give 
the  empty  car  the  maximum 
speed  permissible ; but  by  the  use 
of  stops  the  valve  throw  can  be 
adjusted  to  any  car  speed.  Such 
stops  are  generally  in  the  shape 
Fig.  4.  of  knobs  or  buttons  clamped  to 
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the  shipper  rope  and  striking-  against  some  fixed  projection, 
as  shown  in  Fig.  4.  These  stops  are  called  back-stop  but- 
tons. 

8.  The  valve  used  on  the  Morse,  AVilliams  & Co.’s 
elevator  is  shown  in  section  in  Fig.  1.  A peculiar  feature 
of  this  valve  is  the  shape  of  the  piston  /,  which  is  seen  to  be 
wedge-shaped,  in  consequence  of  which  the  water  passes  to 
and  from  the  machine  gradually  and  without  shock.  The 
operation  of  the  valve  will  be  readily  understood  from  the 
drawing;  on  shifting  it  one  way  by  means  of  the  shipper 
rope  passing  over  the  sheave  S,  water  flows  from  the  supply 
into  the  machine  and  exerts  a pressure  on  the  plunger,  lifting 
it  and  the  car.  By  shifting  the  valve  in  the  opposite  direc- 
tion, communication  is  established  between  the  machine  and 
the  discharge^  and  the  elevator  descends.  In  the  interme- 
diate position,  the  valve  shuts  off  all  communication  of  the 
machine  with  the  supply  and  discharge  and  the  elevator  is 
at  rest,  the  plunger  being  supported  on  a column  of  water 
confined  in  the  cylinder. 

9.  In  larger  machines  the  controlling  valve  is  preferabh^ 
moved  by  a motor  piston,  which  is  operated  by  a pilot 
valve.  The  pilot  valve  is  in  turn  controlled  by  the  shipper 
rope  from  the  car.  The  arrangements  of  pilot  valves  and 
main  valves  differ  in  different  installations,  but  are  easily 
understood  in  every  case  by  inspection.  We  shall  encounter 
the  pilot  valve  again  in  connection  with  piston  elevators, 
when  descriptions  and  drawings  of  several  types  will  be 
given  and  their  purpose  explained. 

10.  Safety  Devices. — The  plunger  elevator  is  the  safest 
elevator  built.  The  ordinary  knobs  or  buttons  used  on  the 
shipper  rope  as  limit  stops  are  the  only  motor  safeties  pro- 
vided, and  even  should  the  limit  stop  fail  to  operate  the 
valve  at  the  top  of  the  run,  the  counterweight  would  reach 
the  ground  and  the  car  stop;  should  the  limit  stop  fail  to 
operate  at  the  bottom  of  the  run,  the  car  would  simply  come 
to  rest  on  the  cylinder.  In  order  to  avoid  damaging  the 
cylinder  head  in  case  this  should  happen,  buffer  springs  are 
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often  placed  on  top  of  the  cylinder  head,  especially  when 
the  speed  of  the  elevator  is  considerable.  Car  safeties, 
which  are  essential  on  all  other  elevators,  are  not  needed  in 
plunger  elevators,  for  the  car  cannot  fall,  since  the  plunger 
always  rests  on  a column  of  water  that  is  driven  out  through 
comparatively  small  openings;  it  may,  however,  in  case  the 
valve  should  fail  to  operate,  attain  a speed  that  would  be 
undesirably  great,  though  not  dangerous.  To  provide 
against  this,  the  simple  expedient  of  putting  in  the  discharge 
pipe  a throttle  valve  controlled  by  the  pressure  correspond- 
ing to  the  velocity  of  the  exhaust  is  resorted  to  when 
necessary.  The  car  cannot  be  violently  pulled  against  the 
overhead  work  by  the  counterweight  as  long  as  the  connec- 
tion between  the  car  and  the  plunger  is  secure,  which 
security  is  easy  of  attainment. 


PISTOX  ELEVATORS. 


ADVANTAGES. 

11.  While  the  plunger  elevator  treated  in  the  previous 
articles  is  simplicity  itself,  it  has  some  disadvantages.  The 
hydraulic  cylinder  and  plunger  must  have  a length  equal  to 
the  lift,  and  for  each  trip  of  the  car  a volume  of  water  is 
used  equal  to  the  area  of  the  plunger  multiplied  by  the  lift. 
In  the  piston  elevator,  by  introducing  multiplying  sheaves 
the  hydraulic  cylinder  can  be  made  considerably  shorter, 
and  thus  the  volume  of  water  used  for  each  lift  reduced 
accordingly.  There  are  two  types  of  piston  elevators  in 
general  use.  In  one  the  cylinder  is  vertical  and  in  the  other 
horizontal. 


VERTICAL,  HYDRAULIC  PISTON  ELEVATORS. 

12.  The  vertical  type  is  considered  better  than  the  hor- 
izontal type,  and  is  always  installed  when  circumstances  will 
permit,  chiefly  for  the  reason  that  generally  headroom  is 
more  available  than  floor  space.  Fig.  5 is  a section  through 
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the  cylinder,  piston,  and  valve  of  a simple  machine  of  this 
kind,  as  built  by  Morse,  Williams  & Co.,  of  Philadelphia, 
Pennsylvania. 

13.  Motor. — Following  up  the  various  parts,  we  have  as 
the  motor  a cylinder  A and  piston  P,  the  former  consisting 
of  a number  of  cast-iron  flanged  sections  bored  and  faced 
true  and  bolted  togeth'er  at  their  flanges;  a bottom  head  h 
and  a top  head  //,*  which  latter  contains  the  stufflngboxes  for 
the  piston  rods  p and  p\  The  cylinder  has  two  openings  o 
and  o\  at  the  top  and  bottom,  respectively. 

14.  Transmitting  Devices. — The  transmitting  devices 
consist  of  wire  ropes  running  over  sheaves,  one  or  more  of 
which  are  carried  in  a yoke  y attached  to  the  piston  rods- 
while  the  others  are  supported  in  bearings  on  overhead 
beams.  The  main  figure  shows  but  one  traA^eling  slieave  T ; 
the  car  in  this  case  moves  twice  as  fast  as  the  piston,  and 
the  elevator  is  said  to  be  geared  in  the  ratio  2 : 1.  Fig.  5 
{a\  (Z'),  and  (r)  shows  the  arrangement  of  sheaves  for  the 
ratios  3 : 1,  4 : 1,  and  G : 1,  respectively. 

15.  Coiinterbalancing. — As  we  shall  see  presently, 
matters  are  arranged  in  most  vertical  elevators  so  that  the 
cylinder  is  always  full  of  water.  This  gives  rise  to  an 
advantage  in  counterbalancing.  The  piston  is  always  car- 
ried on  a solid  column  of  water  and  thus  forms  a counter- 
weight that  will  come  to  rest  at  the  moment  when  the  power 
is  cut  off,  that  is,  the  flow  of  water  stopped ; contrary  to  a 
free  counterweight,  it  will  thus  not  produce  a tendency  to 
teeter  the  car  up  and  down  by  its  momentum  when  the 
power  is  suddenly  cut  off.  The  counterweights  in  these 
elevators  are,  therefore,  preferably  placed  wholly  or  at  least 
partly  on  the  piston  or  piston  rods,  as  shown  in  Fig.  5 (^?), 
(/;),  and  (r).  As  the  power  acts  only  on  one  side  of  the  pis- 
ton, the  counterweights  must  be  less  than  the  car  weight  by 
an  amount  sufficient  to  make  the  car  descend  at  the  proper 
speed  when  empty. 
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16.  Controlliiifj:  Device.^ — The  controlling  device  con- 
sists of  a balanced  three-way  valve  operated  by  a shipper 
rope  in  the  usual  manner,  the  rope  being  provided  with 
back-stop  buttons.  The  action  of  the  motor  under  its  con- 
trol is  as  follows:  The  space  of  the  cylinder  above  the  pis- 
ton is  always  filled  with  water  under  pressure,  the  supply 
pipe  being  connected  with  this  space  directly  through  the 
circulatinjiT  l>ip<^  C.  The  other  end  of  the  circulating  pipe 
is  connected  with  the  space  of  the  valve  chamber  between 
the  two  valve  pistons.  If  the  valve  pistons  be  moved  down- 
wards, so  as  to  bring  the  upper  valve  chamber  and  thus  the 
space  of  the  cylinder  above  the  piston  into  communication 
with  the  space  below  the  piston,  there  will  be  the  same 
water  pressure  on  both  sides  of  the  piston.  The  car,  being 
heavier  than  the  piston  with  the  counterweights,  will  cause 
the  latter  to  ascend  while  it  is  itself  descending,  and  will 
force  the  water  from  above  the  piston  through  the  circula- 
ting pipe  into  the  space  under  the  piston.  For  the  ascent  of 
the  car  the  valve  pistons  are  raised  so  as  to  put  the  space  of 
the  cylinder  below  the  piston  into  communication  with  the 
discharge  pipe;  there  is  then  pressure  only  on  top  of  the 
piston,  and  the  same  descends,  raising  up  the  car.  In 
the  position  shown  in  Fig.  5,  the  valve  closes  the  space  below 
the  piston  against  both  the  supply  and  the  discharge,  so 
that  the  piston  is  held  between  the  water  pressure  from 
above  and  a confined  water  column  from  below. 

The  object  of  making  the  water  circulate  from  the  top  to 
the  bottom  of  the  piston  is  primarily  to  make  the  effective 
pressure  on  the  piston  the  same  at  all  points  of  the  stroke, 
which  otherwise  would  not  be  the  case.  Imagine  that  the 
cylinder  was  open  at  the  top  and  bottom  and  the  piston  at 
the  top  of  its  travel,  and  that  water  be  poured  on  to  the  pis- 
ton from  above ; then  the  latter  would  descend  under  the 
influence  of  the  weight  of  the  column  of  water  above  the 
piston,  which  would  be  nothing  at  first,  but  would  gradually 
increase  towards  a weight  equivalent  to  the  total  contents  of 
the  cylinder.  Imagine,  now,  that  the  space  below  the  piston 
is  filled  with  water,  the  piston  again  being  at  the  top;  then 
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the  column  of  water  underneath  it  will  exert  a suction  on 
the  piston  corresponding  to  the  height  of  that  column,  as 
long  as  the  column  is  not  higher  than  34  feet,  which  suction 
will  gradually  decrease  to  nothing  as  the  piston  descends. 
Thus  by  having  the  space  below  the  piston  filled  with  water 
the  same  net  force  is  exerted  on  the  piston  at  all  points; 
for,  while  the  pressure  of  the  water  above  it  increases,  the 
suction  of  the  water  below  it  decreases  at  the  same  rate. 
In  concise  technical  terms,  then,  the  object  of  the  circula- 
tion of  the  water  from  the  top  to  the  bottom  of  the  piston 
is  to  balance  the  head  of  the  water  above  the  piston. 

17.  Safety  Devicesf — The  safety  devices  consist  of 
the  usual  car  safeties  used  for  suspended  cars  and  motor 
safeties.  Limit  stops  take  the  shape  of  knobs  or  buttons  k, 
Fig.  5,  on  an  endless  rope  S\  which  are  operated  by  a 
projecting  arm  a on  the  piston  rod.  The  top  and  bottom 
heads  would  of  course  stop  the  travel  of  the  piston  either 
way,  but  it  would  not  be  safe  to  intrust  them  with  that 
duty,  as  breakage  may  result  by  the  piston  striking  them. 
The  latter  should  not,  therefore,  ordinarily  travel  so  far  as  to 
strike  the  heads.  There  being  a possibility,  however,  that 
this  might  occur  through  a failure  of  the  valve  to  operate, 
the  piston  is  provided  with  an  apron  / on  each  side ; each 
apron  has  a number  of  holes  t,  i through  it  and  partially 
closes  the  ports  o or  o'  and  thus  reduces  the  speed  of  the 
piston  before  it  reaches  the  heads.  The  holes  i,  i allow  the 
water  to  enter  on  the  return  stroke. 

18.  It  can  easily  be  understood  that  every  elevator 
should  be  started  and  stopped  gradually  to  avoid  shocks, 
and  that  there  always  exists  the  danger  of  overthrowing 
the  controlling  device  beyond  the  neutral  point. 

Referring  to  Fig.  5,  it  will  be  understood  that  when  the 
piston  is  going  down  the  car  is  ascending,  and  if  the  valve  is 
suddenly  closed,  the  flow  of  the  water  from  the  space  below 
the  piston  through  the  discharge  pipe  is  suddenly  stopped. 
The  momentum  of  the  piston  and  car  will  tend,  however,  to 
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continue  the  motion,  resulting  in  a thud  of  the  piston 
against  the  column  of  water  thus  confined.  To  avoid  this 
water  ram,  as  it  is  called,  it  is  good  practice  to  interpose  in 
the  discharge  pipe  between  the  cylinder  and  valve  a relief 
valve  r,  as  shown  in  Fig.  6,  which  is  a drawing  of  an  Otis 
vertical  elevator  of  much  the  same  design — with  the 
exception  of  some  details,  to  which  we  shall  refer  below — as 
that  shown  in  Fig.  5.  The  danger  of  producing  a shock  by 
the  careless  handling  of  the  operating  device  on  the  down 
trip  of  the  car  is  not  so  great,  inasmuch  as  the  column  of 
water  above  the  piston  is  not  confined  in  the  cylinder  on 
closing  the  valve,  being  always  in  communication  with  the 
supply  pipe  and  through  it  with  the  pressure  tank  and  its  air 
cushion.  A relief  valve  for  the  down  trip  is,  therefore, 
deemed  superfluous. 

19.  Pilot  Valves. — For  high-speed  hydraulic  elevators 
(600  feet  per  minute  and  more),  the  insertion  of  the  relief 
valve  is  not  sufficient  to  guard  against  shocks,  it  being 
extremely  difficult  to  start  and  stop  gradually  by  operating 
the  main  valves  directly;  nor  is  it  possible  to  regulate  the 
speed  readily  by  opening  the  valve  more  or  less,  so  that  one 
of  the  most  valuable  features  of  the  hydraulic  elevator  is 
curtailed.  This  has  led  to  the  introduction  of  the  auxiliary, 
or  pilot,  valve,  already  referred  to  in  Art.  9.  Such  a valve 
as  built  by  the  Otis  Elevator  Company  is  shown  in  Fig.  7, 
of  which  the  following  is  a brief  description: 

Contrary  to  the  direct-operated  valves  shown  in  Figs.  5 
and  6,  the  main  valve  V,  Fig.  7,  composed  of  the  pistons  v 
and  7/,  is  not  balanced,  but  the  upper  piston  v has  a larger 
area  than  the  lower  double  one  7/ ; the  valve  is,  therefore, 
also  called  a differential  valve,  there  being  always  a pres- 
sure against  the  under  side  of  the  upper  piston  v depending 
on  the  difference  between  the  areas  of  the  pistons  v and  7/. 
On  a bracket  B fixed  to  the  main  valve  casing  is  supported 
the  auxiliary,  or  pilot,  valve  IV,  which  is  simply  a piston 
valve  of  small  dimensions;  the  casing  of  this  valve  has  an 
inlet  w connected  with  the  circulating,  or  supply,  pipe  and 


Fig.  6. 


ELEVATORS. 


15 


§ 39 


Fig.  7. 


16 


ELEVATORS. 


§39 


an  outlet  za'  connected  by  a pipe  to  the  space  above  the 
upper  piston  of  the  main  valve,  as  shown.  In  the  position 
of  the  two  valves  shown  in  the  illustration,  the  communica- 
tion between  them  is  shut  off,  the  pilot-valve  piston  cover- 
ing the  outlet  port.  The  upper  space  of  the  main  valve  is 
filled  with  water  wholly  confined,  so  that  the  tendency  for 
upward  motion  of  the  piston  v is  checked  in  a position  where 
the  lower  piston  cuts  off  the  circulation  of  the  water,  when, 
as  we  know,  the  elevator  is  at  rest.  By  lowering  the  pilot 
valve,  communication  is  established  between  the  supply,  or 
circulating,  pipe  and  the  space  of  the  main  valve  above  the 
piston  which  presents  its  whole  area  to  the  incoming 
water;  as  the  upward  pressure  below  it  is  less,  owing  to  the 
difference  between  its  area  and  the  area  of  the  lower  pis* 
ton  v',  it  will  descend  with  the  effect  of  allowing  a circula- 
tion of  water  from  the  top  to  the  bottom  of  the  cylinder,  so 
that  the  car  descends.  If,  now,  the  pilot  valve  be  brought 
back  into  the  position  shown  in  Fig.  7 (the  main  valve  being 
in  its  lowest  position  for  the  down  trip  of  the  car),  it  would 
check  any  farther  downward  motion  of  the  main  valve  and 
the  same  would  thus  remain  set  for  the  down  trip.  Again, 
if  the  pilot  valve  were  raised  beyond  the  position  shown  in 
Fig.  7 (the  main  valve  still  being  in  its  lowest  position),  the 
space  above  the  piston  would  be  connected  with  the 
exhaust  and  the  main  valve  would  ascend  and  keep  on 
ascending  to  the  neutral  position  (elevator  at  rest)  and 
beyond  it  (elevator  descending),  unless  the  pilot  valve  be 
brought  back  to  the  neutral  point. 

Thus,  if  no  provision  be  made  further  than  described,  it 
would  be  necessary,  in  order  to  stop  the  car  during  a down- 
ward trip,  to  throw  the  pilot-valve  operating  device  com- 
pletely over,  to  wait  until  the  elevator  came  to  a stop,  and 
then  to  throw  the  device  into  the  central  (neutral)  position. 
The  same  complicated  operation  would  be  required  for  the 
upward  trip. 

20.  To  avoid  the  complicated  operation  mentioned  in 
Art.  19,  the  two  valves  are  so  connected  by  a system  of 
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linkwork  that  the  pilot  valve  closes  automatically  without 
affecting  the  operating  device  in  the  car  (shipper  rope,  lever, 
or  hand  wheel)  when  the  main  valve  reaches  its  extreme 
upper  or  lower  positions.  This  is  brought  about  in  the 
following  manner:  The  shipper  sheave  S is  mounted  on  the 
bracket  B,  its  shaft  carrying  a crank  C,  the  crankpin  c of 
which  is  connected  to  a double-armed  lever  J/  by  a link  L 
and  a pin  m.  To  the  right  of  the  pin  in  is  another  pin  m' 
that  serves  as  a pivot  for  a link  iV,  which  is  connected  at  the 
other  end  to  the  stem  of  the  auxiliary  valve.  A third 
pin  to  the  left  of  the  pin  ;//,  connects  the  lever  M with 
the  main-valve  stem.  Stops  /,  /,  t'  on  the  shipper  sheave 
and  its  stationary  bearing,  respectively,  limit  the  motion  of 
the  crank  C. 

The  operation  is  as  follows:  Starting,  as  before,  from  the 
position  of  the  valves  shown  in  Fig.  7,  the  piston  v is  held 
stationary  between  the  water  pressure  from  below  and  the 
confined  water  above,  so  that  the  pin  in"  forms  the  pivot  of 
the  lever  AI  when  we  move  the  shipper  sheave  to  the  right. 
The  crank  C then  pulls  down  the  lever  and  with  it  the 
pin  in\  link  and  the  pilot-valve  stem,  thus  lowering  the 
pilot  valve  to  the  position  in  which  it  admits  water  into 
the  main  valve,  which  then  moves  downwards.  As  soon, 
however,  as  it  commences  to  move,  it  raises  up  the  pilot 
valve,  the  crankpin  as  well  as  the  link  L and  the  pin  in 
being  now  stationary,  which  latter  then  serves  as  the  pivot 
for  the  lever  M.  The  leverage  is  so  proportioned  that  by 
the  time  the  main  valve  has  reached  its  lowest  position  the 
pilot  valve  will  be  closed,  that  is,  it  will  have  returned  to 
the  position  shown  in  Fig.  7,  checking  further  motion  of  the 
main  valve,  the  crank  d',  however,  remaining  in  its  lowest 
position.  If  it  is  now  desired  to  stop  the  car  during  its 
down  trip,  the  sheave,  and  with  it  the  crank,  is  brought 
back  to  the  neutral  position.  The  pin  in"  being,  now,  once 
more  the  pivot  for  the  lever  ff/,  the  pilot  valve  is  raised 
above  its  neutral  position,  the  main  valve  rises,  and  l)y  the 
time  it  has  risen  far  enough  to  shut  off  circulation  of  the 
water  it  has  dragged  the  pilot  valve  back  to  its  neutral 
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position.  All  parts  are  now  again  placed  as  shown  in  Fig.  7 
and  the  cycle  may  be  repeated. 

21,  Though  it  takes  many  words  to  describe  it,  the 
operation  of  this  valve  is  very  simple  and  reliable.  The 
operator  may  with  impunity  throw  the  operating  device 
quickly  from  its  neutral  position  to  the  right  or  the  left, 
that  is,  for  “ up  ” or  “‘down,”  without  affecting  the  gradual, 
measured  motion  of  the  main  valve,  which  is  the  purpose 
of  the  pilot  valve.  Moreover,  it  will  be  understood  that 
the  pilot  valve  allows  a perfect  regulation  of  the  speed 
of  the  car.  For  by  throwing  the  operating  wheel  or  lever 
on  the  car  over  only  part  of  its  full  swing,  the  pilot  valve 
will  make  only  part  of  its  travel  and,  consequently,  will  be 
brought  back  to  its  neutral  position  by  the  action  of  the 
main  valve  before  the  latter  has  completed  its  full  stroke, 
thus  leaving  the  main  valve  but  partly  open,  whereby  the 
flow  of  the  water  is  throttled. 

22,  liulepeiulent  Top  and  Bottom  Stop-Valve. — In 

connection  with  a pilot  valve,  the  ordinary  kind  of  limit 
stop  shown  in  Fig.  5 operating  the  valve  directly  cannot 
be  used,  for  the  piston  or  car  will  still  be  moving,  while  the 
quick  move  of  the  pilot  valve  has  long  been  completed.  It 
becomes  necessary,  then,  to  introduce  an  independent  valve 
for  stopping  the  car  at  its  limits  of  travel.  Such  a valve  is 
shown  in  Fig.  8 at  Q,  and  its  construction  and  operation  are 
as  follows:  Into  the  passage  leading  from  the  space  below 
the  elevator  piston  to  the  exhaust,  a cylindrical  shell  q 
having  three  passages  is  inserted,  of  which  the  upper 
passage  leads  to  the  relief  valve  (see  Art.  18).  Either  of 
the  two  passages  t and  f may  be  closed  by  the  rotary  valve,' 
shown  to  an  enlarged  scale  in  Fig.  9,  which  consists  of  a 
spindle  s passing  through  stuffingboxes  of  the  valve  casing 
and  carrying  a valve  body  v composed  of  a sleeve  and 
flanges  fitting  the  inside  of  the  shell  q.  The  flanges  of  the 
valve  body  are  notched  out  to  receive  the  valve  proper  n\ 
which  fits  with  considerable  play  in  the  notches,  as  shown 
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in  Fig.  9.  The  valve  spindle  carries  on  the  outside  of  the 
casing  a gear-wheel  Fig.  8,  actuated  by  a weight  IF  that 
tends  to  keep  the  valve  in  the  neutral  position  shown 
in  Fig.  8.  The  gear  g meshes  with  a smaller  gear  attached 
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Fig.  9. 

to  the  shaft  of  a rope  sheave  which  is  actuated  by  an 
^endless  rope  passing  over  an  idler  above  and  carrying  the 
usual  stop  buttons.  Now,  when  the  piston  nears  its  lowest 
position,  the  arm  a on  the  piston  rod  strikes  the  lower  stop 
button ; the  sheave  A swings  right-handed  and  the  valve  iv 
turns  left-handed,  covering  up  the  right-hand  port  or  pas- 
sage /,  thus  shutting  off  gradually  the  communication  of 
the  cylinder  with  the  exhaust  and  stopping  any  farther 
downward  motion  of  the  piston,  even  if  the  operator  has 
neglected  to  move  the  pilot  valve. 

In  order  that  the  elevator  may  start  again  upon  reversing 
the  pilot  valve,  the  valve  iv  of  the  rotary  stop-valve  has  a 
certain  play,  as  already  stated.  Thus,  imagine  the  piston 
in  its  lowest  position  and  the  valve  zu  covering  up  the  port  /; 
it  will  then  be  pressed  against  its  seat  (the  shell  q)  as  long 
as  the  main  valve  uncovers  the  exhaust  or  is  in  the  middle 
position,  by  reason  of  the  pressure  above  the  piston.  But 
as  soon  as  the  main  valve  is  reversed,  so  as  to  open  commu- 
nication between  the  spaces  above  and  below  the  piston 
through  the  circulating  pipe,  there  will  be  an  excess  of  pres- 
sure against  the  outside  of  the  valve  zu  of  the  rotary  valve, 
due  to  the  unbalanced  weight  of  the  car.  The  valve  zv  will 
then  be  lifted  off  its  seat  and  will  allow  water  to  pass  below 
the  piston,  which  then  commences  to  rise.  Presently,  the 
arm  a will  leave  the  lower  stop  button  and  the  rotary  valve 
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will  swing  back  to  its  neutral  position  by  virtue  of  the 
weight  IF,  Fig.  8.  Similar  action  takes  place  at  the 
extreme  upper  position  of  the  piston. 

23,  Throttle. — A difference  will  be  noticed  in  the  con- 
struction of  the  main  valve  between  that  shown  in  Fig.  7 
and  that  shown  in  Fig.  8,  there  being  interposed  in  the  lat- 
ter case  a metal  sleeve  between  the  upper  single  piston  and 
the  lower  double  one.  This  sleeve,  which  is  called  the 
throttle  and  is  designated  by  T,  Fig.  8,  is  fastened  to  the 
valve  rod,  or  stem,  and  in  its  neutral  position  shuts  off 
the  supply  from  the  space  between  the  valve  pistons.  Other- 
wise, the  connections  and  passages  are  the  same,  the  supply 
being  in  constant  communication — except  when  shut  off  by 
the  throttle — with  the  circulating  pipe  by  two  branch  pas- 
sages leading  from  the  annular  chamber  around  the  throttle 
to  the  circulating  pipe.  In  order  to  show  this  clearly,  a 
horizontal  section  through  the  middle  of  the  throttle  and 
its  casing  is  given  to  an  enlarged  scale  in  Fig.  10  (a). 


The  purpose  of  the  throttle  is  a threefold  one.  (1)  It 
serves,  if  carefully  adjusted,  to  deaden  the  noise  occasioned 
by  the  circulating  water.  (2)  It  serves  as  a brake  while 
descending,  in  case  of  an  extra  load  on  the  car,  preventing 
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it  from  attaining  undue  speed.  This  is  accomplished  by  the 
top  of  the  throttle  sleeve  being  partly  closed,  as  shown  by 
the 'plan  view  given  in  Fig  10  {b)^  thus  allowing  only  a 
small  amount  of  water  to  pass  through,  that  is,  throttling 
it.  (3)  If  any  pipe  or  connection  between  the  supply  and 
valve  should  break,  the  water  cannot  back  up  from  the  cir- 
culating pipe  out  through  the  supply  port  faster  than  it  can 
leak  around  the  outside  of  the  throttle. 

34.  The  throttle  is  but  loosely  fitted  to  its  seat,  or 
lining,  so  that  there  is  always  some  leakage  around  it,  other- 
wise the  elevator  could  not  be  started  from  its  position  of 
rest,  since  there  would  be  no  outlet  for  the  water  between 
the  large  and  small  piston  of  the  differential  valve  while 
descending,  and  to  the  inlet  while  ascending.  This  leakage 
is  sometimes  solely  depended  on  to  give  the  differential 
valve  the  initial  start,  but  oftener  a by-pass  pipe  x.  Fig.  8, 
leads  from  the  supply  chamber  of  the  pilot  valve  to  the 
spac^  under  the  upper  piston  of  the  differential  or  main 
valve.  This  by-pass  pipe  is  provided  with  a globe  valve,  by 
means  of  which  the  rapidity  of  the  initial  start  can  be  reg- 
ulated. 

35.  Double-Power  Vertical  Hydraulic  Elevator. — In 
modern  office  buildings  safes  and  other  heavy  furniture  are 
frequently  moved  about,  and  one  of  the  elevators  in  such  a 
building  is,  therefore,  generally  designed  for  a much  heavier 
load  than  the  others.  The  necessary  power  is  obtained  from 
an  extra-high-pressure  tank.  In  order,  however,  that  this  ele- 
vator may  be  used  for  ordinary  loads  as  well,  with  no  greater 
expense  than  the  others,  a special  valve  is  used  that  permits 
it  to  be  used  at  will  either  with  the  ordinary  low  pressure  or 
with  the  high  pressure.  Such  a valve,  built  by  the  Otis 
Elevator  Company,  is  shown  in  Fig.  11.  The  upper  valve  v 
is,  in  this  case,  a piston  valve  straddling  in  its  neutral  and 
lowest  position  the  high-pressure  port.  The  throttle  T has 
ports  t,  t.  When  the  valve  stem  is  moved  down,  the  water 
circulates  as  in  the  ordinary  hydraulic  machine  and  the  car 
descends.  When  the  valve  stem  is  moved  up,  the  discharge 
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is  opened,  as  in  the  ordinary  machine,  and  as  the  low-pres- 
sure inlet  is  connected  to  the  top  of  the  cylinder  through 
the  ports  /,  t and  the  circulating  pipe,  it  causes  the  car  to 
ascend.  For  heavy  loads  the  valve  stem  is  raised  still 
farther  until  T comes  opposite  the  high-pressure  inlet  r,  and 
this  opens  the  passage  for  the  high-pressure  water  into  the 
top  of  the  cylinder  through  the  ports  /,  t and  the  circula- 
ting pipe,  thus  giving  the  car  the  full  benefit  of  the  high 
pressure.  Since  in  this  position  of  the  valves  both  the  low- 
and  high-pressure  supply  are  connected  with  the  circulating 
pipe  and  thus  with  each  other,  the  water  would  flow  from 
the  high-pressure  tank  to  the  low-pressure  tank,  were  it  not 
for  a check-valve  C inserted  in  the  low-pressure  supply  pipe, 
as  shown. 

2G,  IS’oii-Circulating  Systems. — In  the  vertical-piston 
elevators  thus  far  described,  the  distinguishing  feature  was 
the  circulation  of  the  water  from  above  the  piston  to  the 
space  below  it  during  the  ascent  of  the  car.  As  we  have 
seen  in  Art.  16,  the  principal  object  of  this  arrangement 
was  the  balancing  of  the  head  of  the  water  above  the  piston. 
Incidentally,  certain  advantages  in  counterbalancing  were 
obtained  by  it  also  (see  Art.  15). 

It  is  considered  in  practice  that  a ratio  of  6 : 1 is  the 
limit  for  vertical  machines.  In  certain  designs,  however, 
the  ratio  has  been  carried  much  above  this  value  for  the 
purpose  of  making  the  cylinder  very  small.  Now,  since 
the  head  of  the  water  becomes  less  and  less  the  shorter  the 
cylinder  is  made,  it  becomes  unnecessary  to  balance  it  when 
the  ratio  is  very  high,  say  10  : 1,  for  instance.  In  such 
cases  the  circulating  pipe  is  dispensed  with ; the  water  then 
enters  and  leaves  on  one  side  of  the  piston  only  and  one  end 
of  the  cylinder  is  left  open  to  the  atmosphere.  Fig.  12 
shows  an  elevator  of  this  kind  made  by  The  Whittier 
Machine  Company,  of  Boston.  There  are  quite  a number  of 
these  machines  in  operation.  The  ratio  of  the  particular 
machine  illustrated  is  10  : 1,  there  being  a set  of  five  fixed 
and  five  traveling  sheaves  on  each  side  of  the  cylinder; 


Fig.  1 
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from  each  of  the  two  sets  a rope  passes  to  an  overhead 


sheave  and  thence  to  the 
arranged  below  the  trav- 
eling sheaves,  the  latter 
being  attached  to  a 
crosshead  carried  on  the 
piston  rods  and  guided 
on  rails  R,  /v.  The  pis- 
ton moves  'lip  for  the 
ascent  of  the  car  and 
doivn  for  the  descent, 
so  that  the  piston  rods 
are  in  compression. 
Moreover,  the  piston 
moving  in  the  same 
direction  as  the  car  can- 
not, as  in  the  case  of  the 
previously  described  ver- 
tical machines,  be  util- 
ized as  a counterweight, 
but  must  itself  be  coun- 
terbalanced, which  is 
done  in  the  manner 
shown  in  the  illustration, 

11]  ir^being  the  weights. 
The  controlling  valve  is 
much  of  the  same  con- 
struction as  that  shown 
in  Fig.  5. 


car.  The  fixed  sheaves  are 


27.  While  in  high- 
ratio  vertical  elevators 
of  the  kind  shown  in 
Fig.  12  the  circulation  of  water  is  dispensed  with,  owing 
to  the  small  head  of  the  water,  it  becomes  entirely  dis- 
pensable when  the  cylinder  is  placed  horizontally.  All  hori- 
zontal hydraulic  piston  elevators  are,  therefore,  based  on 
the  non-circulating  system. 
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nORIZOXTAT^  IIYDIIAITIAC  piston  epevators. 

28.  Advantages. — Although  the  floor  space  occupied  by 
a vertical  elevator  cylinder  is  comparatively  small,  this  floor 
space  is  required  on  each  floor  of  the  building,  and  where 
there  are  a number  of  elevators,  the  aggregate  necessary 
space  amounts  to  more  than  can  in  many  instances  be  con- 
veniently spared.  Moreover,  it  becomes  necessary,  in  case 
of  a battery  ot  elevators,  to  provide  a separate  well  for  the 
cylinders.  Again,  the  long,  upright  cylinders  so  placed  in 
a comparatively  narrow  well  are  inaccessible  for  the  greater 
portion  of  their  length.  For  these  reasons  preference  is 
given  to  the  horizontal  type  of  elevator  when  there  is  sufli- 
cient  floor  space  more  available  in  the  basement  of  the  build- 
ing than  on  the  floors  above.  But  under  the  most  favorable 
conditions,  floor  space,  even  in  the  basement,  is  always  limi- 
ted, and  it  is  desirable,  therefore,  to  make  the  cylinders  short, 
which  necessitates  a high  ratio  of  the  transmitting  devices. 
This  is  generally  chosen  as  10  : 1.  The  sheaves  in  these 
machines  are  arranged  either  so  as  to  put  the  piston  rod  in 
compression  or  so  as  to  put  them  in  tension. 

20.  Coini)ressioii  Type. — A simple  machine  of  the  com- 
pression type,  built  by  Morse,  Williams  & Co.,  is  shown  in 
Fig.  13.  The  fixed  sheaves  are  placed  at  the  rear  end  of  the 
cylinder  and  the  hoisting  rope  is  carried  above  and  below 
the  cylinder  from  the  fixed  sheaves  a to  the  traveling 
sheaves  b back  and  forth  and  is  finally  led  off  from  the  former 
to  the  car.  The  drawing  calls  for  but  little  explanation. 
The  controlling  device  consists  of  the  three-way  valve  illus-. 
trated  in  Fig.  5;  the  motor  safeties  are  limit-stop  buttons 
carried  on  an  endless  chain  or  rope  and  actuated  at  the 
extreme  positions  of  the  piston  by  an  arm  or  projection  ^:on 
the  crosshead  d.  The  endless  chain  runs  over  a sprocket 
wheel  fastened  to  the  shipper-sheave  shaft. 

30.  Tension  Type. — The  general  arrangement  of  the 
tension  type  of  horizontal  hydraulic  machines  is  shown  in 
Fig.  14.  Both  the  fixed  and  the  traveling  sheaves  are 


Fig.  14. 
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located  at  the  front  end  of  the  cylinder.  It  will  be  noticed 
that  the  traveling  sheaves  a are  mounted  in  the  crosshead 
at  an  angle  to  the  horizontal  plane.  This  is  necessary  in 
order  that  the  ropes  shall  not  “ride”  off  the  grooves  when 
the  two  sets  of  sheaves  come  close  together  at  the  end  of  the 
stroke.  This  precaution  is  deemed  unnecessary  in  the  com- 
pression type,  the  sheaves  being  always  apart  a distance 
greater  than  the  length  of  the  cylinders. 

There  are  several  advantages  in  the  tension  type  of 
machines:  (1)  The  piston  rods  can  be  considerably  smaller. 

(2)  The  distance  between  the  fixed  and  traveling  sheaves  is 
smaller,  being  only  about  one-half  as  long  as  that  in  the  com- 
pression type;  this  is  an  item  of  importance  when  the  fact  is 
taken  into  consideration  that  teetering  of  the  car  is  often 
due  to  the  whipping  of  the  ropes  in  horizontal  machines, 
which  action  increases  as  the  distance  between  the  sheaves 
becomes  greater.  This  action,  by  the  way,  is  absent  in 
vertical  elevators.  The  whipping  of  the  ropes  is  reduced 
as  much  as  possible  by  supporting  rollers  shown  in 
Figs.  13  and  14.  In  the  tension  type  these  rollers  are  sup- 
ported on  a shaft  that  again  rests  on  guide  shoes  traveling 
on  rails. 

31.  The  compression  type  of  horizontal  elevators  has 
the  advantage  that  no  stuffingbox  is  needed  for  the  piston 
rod,  the  water  entering  behind  the  piston  only.  The  front 
end  of  the  cylinder  generally  has  a simple  yoke  through 
which  the  rod  passes. 

When  there  is  more  than  one  elevator  in  a building,  the 
cylinders  are  preferably  mounted  in  pairs  on  top  of  each 
other ; such  a pair  is  then  called  a double-deck  macliine, 
and  this  arrangement  is  shown  in  Fig.  14. 

33.  Fast-Service  Comijression-Tyi^e  Elevator. — Fig. 
15  is  an  illustration  of  an  elevator  machine  of  the  compres- 
sion type  built  by  the  Otis  Elevator  Company,  of  Chicago 
(formerly  the  Crane  Elevator  Company).  This  machine 
is  intended  for  fast  passenger  service  and  is  therefore 
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fitted  with  a pilot  \;alve  P,  involving  the  same  principles  as 
the  Otis  valve  described  in  Arts.  11)  and  20^  and  has  an 
automatic  stop-valve  A 


33.  The  pilot  valve,  main  valve,  and  stop-valve  are  shown 
in  detail  in  Fig.  16.  The  pilot,  or  auxiliary,  valve  is  a slide 


Fig.  16. 

valve;  its  seat  has  two  ports  a and  b opening  into  pas- 
sages a'  and  b’  of  the  main-valve  casing.  The  passage  a' 
leads  into  a space  of  the  main  valve  behind  a piston  /,  while 
the  passage  b'  communicates  with  a chamber  A in  front  of 
that  piston,  which  chamber,  in  turn,  is  connected  with  the 
exhaust  pipe  A,  Figs.  15  and  16.  Of  the  two  other 
chambers  B and  C of  the  main-valve  casing,  B is  connected 
to  the  supply  pipe  F,  and  C to  the  cylinder  by  way  of  the 
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valve  S.  The  main  valve  consists  of  two  single  pistons  and 
one  double  piston:  the  piston  /,  already  mentioned,  the 
double  piston  y,  and  the  piston  r,  the  latter  being  of  smaller 
diameter  than  the  others.  The  valve  chest  of  the  pilot  slide 
valve  is  connected  with  the  supply  by  a pipe 

The  operation  of  the  valves  is  as  follows:  In  the  position 
shown  the  valves  are  at  rest,  the  port  a being  closed  and  the 
pressure  on  the  piston  q towards  the  left  (due  to  the  differ- 
ence in  area  of  q and  r),  thus  acting  against  a body  of  water 
confined  in  the  space  behind  the  piston  p.  If  the  pilot  valve 
is  moved  towards  the  right,  it  uncovers  the  port  a and  water 
under  pressure  enters  the  space  behind  the  piston  p\  the 
area  of  this  piston  being  greater  than  the  difference  of  the 
areas  of  q and  r,  it  moves  towards  the  right,  thus  connecting 
the  chambers  A and  C ; that  is,  connecting  the  cylinder  with 
the  exhaust,  and  hence  the  elevator  car  moves  down.  If  the 
pilot  valve  is  moved  from  its  neutral  position  and  to  the  left, 
the  passages  and  are  connected ; that  is,  the  space  behind 
the  piston  p is  put  into  communication  with  the  exhaust. 
The  excess  pressure  due  to  the  difference  of  areas  of  q and  r 
then  causes  the  pistons  to  move  to  the  left,  opening  com- 
munication between  the  chambers  B and  C ; that  is,  it 
connects  the  cylinder  with  the  supply,  and  hence  the  eleva- 
tor car  moves  up.  The  speed  with  which  the  main  valve 
responds  to  the  pilot  valve  is  regulated  by  the  valve  s'  in  the 
supply  pipe  x on  one  hand  and  furthermore  by  a screw  s" 
that  can  be  made  to  enter  more  or  less  into  the  passage  b'  by 
turning  it  from  the  outside. 

For  the  same  reason  that  was  given  in  connection  with 
the  Otis  pilot  valve.  Art.  19,  the  pilot  valve  must  return 
automatically  to  its  neutral  position.  The  mechanism  that 
accomplishes  this  is  similar  to  that  used  in  the  Otis  valve. 
The  valve  stem  of  the  pilot  valve  is  connected  to  the  short 
arm  of  a two-armed  lever  Z,  which  is  pivoted  at  I to  the 
central  double  disk-shaped  piece  N of  a sliding  sleeve  M. 
The  long  arm  of  the  lever  L is  connected  by  means  of  a 
link  O to  the  stem  of  the  main  valve.  The  central  piece  N 
is  connected  at  7i  with  a one-arm  lever  0,  the  shaft  of  which 
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is  operated  by  a lever  or  sheave  actuated  by  a shipper  rope 
from  the  car.  When  the  lever  Q is  thrown  to  the  left,  the 
sleeve  M moves  to  the  left,  carrying  the  lever  L and  the 
pilot-valve  stem  with  it,  the  point  o'  at  which  the  link  O 
connects  with  the  main-valve  stem  being  the  pivotal  point 
of  the  motion.  As  soon  as  the  main  valve  commences  to 
move  to  the  left,  that  is,  after  the  pilot  valve  is  set  by  the 
shipper  rope,  the  point  / becomes  the  pivotal  point,  and  the 
pilot  valve  is  pulled  back  to  its  original  position.  Similar 
action  takes  place  when  the  lever  Q is  moved  towards  the 
right. 


34.  The  action  of  the  automatic  stop-valve  A is  as 
follows:  The  valve  has  three  pistons  v,  v\  and  of  which 
the  first  two  serve  to  close  the  circular  openings  lead- 
ing from  the  inlet  to  the  outlet.  The  piston  u is  at  all  times 
actuated  by  whatever  pressure  there  is  on  the  cylinder, 
forcing  it  to  the  left  and  thus  keeping  the  circular  openings 
referred  to  open.  The  valve  stem  is  connected  by  a lever 
and  rod  to  a cam  A,  Fig.  15,  pivoted  to  the  frame  of  the 
machine.  This  cam  is  ordinarily  held,  as  shown  in  the 
illustration,  between  two  rollers  f and  f'  by  means  of  a 
weight  W attached  to  it.  The  rollers  f and  f’  are  placed 
on  a movable  frame  T guided  horizontally  as  shown  and 
called  the  tappet.  On  the  guide  rod  t of  this  tappet  are 
fastened  the  limit-stop  buttons  g to  the  right  and  left, 
respectively,  of  a projection,  or  arm,  h on  the  crosshead  of 
the  traveling  sheaves.  In  either  of  the  extreme  positions  of 
the  crosshead,  the  arm  Ji  comes  in  contact  with  one  of  the 
buttons,  pushing  the  tappet  T and  thus  operating  the  stop- 
valve  and  shutting  off  the  communication  between  the  main 
valve  and  cylinder. 

The  valves  v and  Fig.  IG,  are  not  fitted  very  closely,  so 
that  there  is  a certain  small  amount  of  leakage,  which 
enables  the  valve  to  start  back  slowly  as  soon  as  the  pilot 
valve  and  main  valve  are  reversed;  as  soon  as  the  arm  //, 
Fig.  15,  leaves  either  of  the  buttons  and  g^  the  weight  IF 
causes  the  valve  to  open  quickly  and  wide.  In  case  the 
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leakage  around  the  valves  v and  v\  Fig.  16,  proves  too 
slight,  a small  direct  pipe  connection  (not  shown)  is  made 
between  the  middle  chamber  C of  the  main  valve  and  the 
top  of  the  cylinder  at  the  closed  end.  This  allows  a small 
quantity  of  water,  which  is  regulated  by  a stop-valve,  to 
enter  or  leave  the  cylinder  independently  of  the  automatic 
valve  5 when  the  pilot  valve  is  reversed  so  as  to  give  the 
valve  .S' 'the  start.  This  pipe  connection  also  serves  the  pur- 
pose of  permitting  the  escape  of  air  that  may  have  accu- 
mulated in  the  cylinder. 

35.  The  hydraulic  elevators  described  are  by  no  means 
the  only  ones  that  are  made  or  that  are  in  operation.  They 
are  typical  constructions,  however,  and  a person  will,  if  their 
principles  are  clearly  understood,  readily  comprehend  other 
designs  as  well. 


PUMPS,  TAXKS,  PIPES,  FIXTURES. 


GENERAL  ARRANGEMENT. 

3G.  In  cases  where  a natural  water  supply  or  a street 
main  with  sufficient  pressure  is  available,  the  elevator  may 
be  directly  connected  with  it.  Such  cases  are  rare,  however, 
and  therefore  a pumping  plant  is  almost  always  included 
in  an  elevator  installation.  This  pumping  plant  consists 
usually  of  one  or  more  pumps,  a pressure  tank,  and  a dis- 
charge tank  suitably  connected  by  piping  provided  with  the 
necessary  valves  and  other  fixtures. 

37.  A typical  installation  of  an  hydraulic  elevator  is 
shown  in  Fig.  17.  The  pump  P takes  the  water  from  the 
discharge  tank  D and  forces  it  into  the  pressure  tank  A, 
whence  it  enters  the  elevator  cylinder  C through  the  supply 
pipe  A It  leaves  the  elevator  cylinder  through  the  dis- 
charge pipe  /,  which  carries  it  back  to  the  discharge  tank. 
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The  water  is  thus  used  over  and  over  again;  this  is  an 
important  item  where  water  rates  are  high,  as  is  the  case  in 
most  cities  and  towns. 


PUMPS. 

38.  Since,  with  the  usual  arrangement  of  pumps,  cylin- 
ders, and  tanks,  the  pump  may  work  continually  while  the 
cylinder  takes  a quantity  of  water  out  of  the  pressure  tank 
only  for  every  other  (the  up)  trip  of  the  car,  the  pump  need 
be  only  large  enough  to  supply  the  average  quantity  of  water 
per  unit  of  time,  supposing  the  cars  to  be  running  continu- 
ously up  and  down.  Since  there  is  more  or  less  interruption 
of  traffic,  the  pumps  will  generally  even  then  supply  more 
water  than  is  necessary  and  will  have  to  be  stopped  and 
started  frequently.  For  such  intermittent  service  duplex 
steam  pumps  or  electric  pumps  are  most  suitable  and  are, 
hence,  generally  used,  although  geared  pumps,  belt-driven 
pumps,  and  gas-engine  power  pumps  are  occasionally  met 
with. 


TANKS. 

39.  Open  tanks,  formerly  installed  in  great  numbers  on 
the  roofs  of  buildings  to  furnish  the  necessary  head,  are 
gradually  disappearing,  and  the  closed  pressure  tank,  as  A, 
in  Fig.  17,  placed  in  the  engine  room,  takes  its  place  almost 
exclusively.  Such  closed  pressure  tanks  are' often  placed  at 
the  top  of  the  building  also,  thus  utilizing  both  the  natural 
head  and  the  air  pressure.  In  such  a tank  the  required 
water  pressure  is  obtained  by  having  the  tank  partly  filled 
with  air  and  compressing  the  same  by  pumping  in  the 
water,  so  that  it  is  really  air  pressure  that  gives  to  the  water 
the  necessary  head.  By  leakage  as  well  as  by  absorption  in 
the  water  the  quantity  of  air  in  the  tank  gradually  grows 
less  and  must  be  renewed.  In  the  smaller  installations,  such 
as  is  shown  in  Fig.  17,  the  necessary  air  supply  is  obtained 
through  a vent  in  the  suction  pipe  of  the  water  pump;  in 
large  installations  separate  air  pumps  are  provided  for  the 
purpose. 
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ACCUMULATORS. 

40.  The  pressure  used  in  ordinary  closed-tank  installa- 
tions ranges  generally  between  90  and  120  pounds  per  square 
inch.  In  some  cases  for  high  buildings  these  pressures 
have  to  be  exceeded,  and  then  hydraulic  accumulators  are 
installed  instead  of  the  pressure  tanks.  These  high-pres- 
sure installations  require  also  different  designs  of  cylinders 
and  other  parts  of  the  plant,  but  since  there  are  but  com- 
paratively few  of  these  installations  in  operation  we  shall 
forego  treating  them  in  detail. 


AUTOMATIC  STOPPIXG  AND  STARTING  DEVICES  FOR  PUMPS. 

41.  Kinds  of  Starting  Devices. — The  stopping  and 
starting  of  the  pumps  are  effected  automatically  by  various 
devices.  In  one  kind  of  these  devices  the  height  of  the 
water  in  the  tank  is  made  use  of  by  means  of  a float  to  oper- 
ate the  steam  valve  of  a steam  pump  or  the  switch  and 
rheostat  of  an  electric  pump ; in  another  kind,  the  pressure 
in  the  tank  is  utilized  to  do  the  same  thing  by  means  of  a 
pressure  valve.  Floats  are  used  only  with  open  gravity 
tanks. 

42.  Pressure-Regulated  Starting*  Valve. — A device 
of  the  second  of  the  above-named  classes  is  shown  in 
Fig.  17  at  V.  It  consists  of  a pressure  valve  of  much  the 
same  construction  as  a steam-boiler  safety  valve.  It  is  con- 
nected to  the  pump  discharge  pipe  or  directly  to  the  pres- 
sure tank  by  a small  pipe  /,  into  which  is  inserted  a pressure 
gauge  The  weighted  lever  of  the  valve  is  connected 
to  the  throttle  valve  u of  the  steam  pump  by  a rod  r in  such 
a manner  that  the  throttle  valve  shuts  off  steam  when  the 
weight  on  the  lever  of  the  valve  L is  balanced  by  the 
required  water  pressure  in  the  pressure  tank,  and  opens  to 
admit  steam  when  the  pressure  falls  below  the  required 
amount.  A sight-feed  oil  cup  o is  generally  placed  in 
the  steam  pipe  in  advance  of  the  throttle  valve  in  order 
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to  insure  the  proper  working  of  the  same  and  to  prevent 
it  from  sticking. 

43.  Ford  Ke^^ulatiii^  Valve. — In  the  device  shown  in 
Fig.  18,  the  two  valves  V and  u spoken  of  in  the  previous 

article  are  combined  into  one. 
This  device,  which  is  largely  used 
in  elevator  work  and  is  manufac- 
tured by  Thomas  P.  Ford,  of  New 
York,  consists  of  a spring-actu- 
ated steam  valve  U and  a water 
piston  V moving  in  a little  cylin- 
der \V  under  the  influence  of  the 
water  pressure.  It  is  easy  to  see 
that  by  adjusting  the  spring 
properly  the  steam  valve  can  be 
made  to  close  when  the  water 
pressure  on  the  piston  V exceeds 
a certain  required  amount.  The 
regulating  valve  should  be  placed 
in  the  steam  supply  pipe  in  a 
vertical  position  between  the 
steam  chest  and  an  ordinary 
throttle  valve.  The  oil  cup 
should  be  placed  so  as  to  allow 
the  oil  to  pass  through  the 
regulating  valve.  The  pipe 
connecting  the  pressure  tank 
with  the  pressure  cylinder  of 
the  regulating  valve  should  be 
provided  with  a globe  valve  and 
a union  next  to  the  valve,  in 
order  that  the  cap  may  easily 
be  removed  for  repacking  the 
piston  V.  A drip  pipe  should  be  connected  with  the  bottom 
of  the  cylinder  W. 

44.  Ford  Rheostat  Regrulator. — A device  much  used 
in  connection  with  electric  pumps  and  manufactured  by 


Fig.  18. 
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Thomas  P.  Ford  is  illustrated  in  Fig.  19.  The  purpose  of 
this  apparatus  is  to  obtain  a comparatively  large  movement, 
which  is  necessary  for  operating  the  switch  and  rheostat  of 
the  electric  motor. 

As  in  the  apparatus  shown  in  Fig.  18,  the  pressure  pipe  is 
connected  to  a small  cylinder  IV  in  which  works  a piston  F 


against  a weighted  lever.  This  lever  is,  however,  not  con- 
nected directly  to  the  stopping  and  starting  arrangement, 
but  to  the  piston  of  an  auxiliary  hydraulic  valve  A.  This 
valve  has  an  inlet  connected  to  some  constant  water  supply 
of  moderate  pressure  (not  less  than  35  pounds  per  square 
inch)  and  a discharge  outlet.  When  the  pressure  in  the 
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tank  falls  below  the  required  amount,  the  piston  V rises  and 
carries  with  it  the  piston  of  the  auxiliary  valve;  water  is 
then  admitted  into  the  cylinder  M of  the  main  valve,  caus- 
ing the  piston  R therein  to  be  forced  down  and  the  outward 
end  of  a long  double-armed  lever  L attached  thereto  to  be 
forced  up.  This  lever  is  also  weighted  and  to  it  is  attached 
the  lever  of  a motor  starting  box.  As  soon  as  the  pressure 
in  the  tank  increases,  the  piston  V moves  down;  by  this 
movement  the  cylinder  M is  put  in  communication  with  the 
discharge,  whereupon  the  main-valve  piston  moves  up  and 
the  end  of  the  lever  L down  by  virtue  of  the  weight  attached 
to  it.  It  is  recommended  in  connecting  up  this  valve  to 
have  the  water  from  the  constant  supply  go  through  a 
mud-drum  placed  near  the  regulator  before  entering  the 
same. 

45.  Mason  Elevator  PiimiJ-Pressure  Rei^ulator. — 
Fig.  20  shows  a regulating  device  much  used  in  elevator  work. 
Referring  to  the  illustration,  the  operation  is  as  follows: 
Steam  from  the  boiler  enters  the  regulator  at  the  point 
marked  “inlet”  and  passes  through  into  the  pump,  which 
continues  in  motion  until  the  required  water  pressure  is 
obtained  in  the  system,  which  acts  through  a ^-inch  pipe 
connected  at  a and  upon  the  diaphragm  D.  This  diaphragm 
is  raised  by  the  excess  water  pressure  and  carries  with  it 
the  weighted  lever  Z,  opening  the  auxiliary  valve  A and 
admitting  the  water  pressure  from  the  connection  b to  the 
top  of  the  piston  P,  at  the  same  time  opening  the  exhaust 
port  under  the  piston  P,  thus  allowing  the  water  under  this 
piston  to  escape  through  the  passage  a'  shown  in  dotted 
lines  into  the  drip  pipe  <■/,  thereby  pushing  down  the  piston, 
which  closes  the  steam  valve  and  stops  the  pump. 

As  soon  as  the  pressure  in  the  system  is  slightly  reduced, 
the  lever  Z,  on  account  of  the  reduced  pressure  under  the 
diaphragm,  is  forced  down  by  the  weights  ff^,  carrying  with 
it  the  auxiliary  valve  A and  thus  opening  the  exhaust  from 
the  top  of  the  piston,  and  at  the  same  time  admitting  the 
water  pressure  under  this  piston,  which  is  now  forced  up 
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and  opens  the  steam  valve,  again  starting  the  pump.  This 
action  is  repeated  as  often  as  the  pressure  rises  above  and 
falls  below  the  required  amount.  • 


Fig  20. 


46.  The  Mason  regulator  is  easily  adapted  for  use  in 
connection  with  a switch  and  rheostat  for  regulating  elec- 
trically driven  pumps.  Fig.  21  shows  such  an  arrangement 


40 


ELEVATORS. 


§39 


comprising  a solenoid  rheostat  and  snap  switch  as  made  by 
the  Elektron  Manufacturing  Company,  a Ferret  motor,  and 
a Mason  regulator. 


Fig.  21. 


BY-PASS  YABYE. 

47.  When  the  elevator  service  is  quite  continuous  and 
regular  it  .proves  advantageous  in  many  cases,  especially 
with  pumps  driven  electrically  or  by  gas  engines,  to  have  the 

pump  run  continually  and  thus 
to  do  away  with  the  more  or 
less  complicated  automatic- 
valve  switch  and  rheostat  ar- 
rangements. In  such  cases  a 
by-pass  valve  is  installed  near 
the  pump,  which  opens  com- 
munication between  the  deliv- 
ery and  suction  pipes  of  the 
pumps  whenever  the  pressure 
in  the  tank  becomes  excessive. 
By  elevator  men,  such  an  ar- 
rangement is  called  a closed 
system. 

Fig.  22  is  an  illustration  of 
the  Ford  by-pass  valve.  Its 
construction  is  similar  to  that 
of  the  regulator  described  in  Art.  44,  and  it  is  connected 


De//  P/pe' 


Sucf’/on 

P/pe^ 

Fig.  22. 
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up  in  the  same  manner,  a mud-drum  being  preferably  placed 
near  the  valve  to  free  the  water  from  any  impurities  before 
it  enters  the  auxiliary  valve. 


SAFETY  VALVE. 

48,  To  provide  for  the  emergency,  should  the  regula- 
ting devices  described  in  the  previous  articles  stick,  and 
should  an  excessive  pressure  accumulate  in  the  tank,  a 
pipe  V fitted  with  a safety  valve  m (see  Fig.  17)  and  lead- 
ing from  the  pressure  tank  to  the  discharge  tank  is  generally 
provided. 


WATER  GAUGE  AND  VALVES. 

49.  Besides  the  fixtures  already  mentioned,  there  is  pro- 
vided a water  gauge  iv  on  the  pressure  tank  and  various 
globe  valves  and  Fig.  17,  which  are  used  in  start- 

ing and  stopping  the  plant. 


OPFRATIOT^  AND  MAIiS^TEXAKCE  OF  IIYORAUFIC 
ELEVATOR  PLANTS. 

50.  Water. — The  water  to  be  used  in  hydraulic  eleva- 
tors should  be  clear  and  free  from  sediment.  It  should 
enter  the  system  through  a strainer,  so  as  to  exclude  all 
foreign  matter  likely  to  damage  the  valves  and  pistons.  The 
water  should  be  changed  at  least  every  three  months  and 
the  whole  system  should  then  be  cleaned  by  washing  and 
flushing.  This  requires  closing  down  the  plant  completely. 

51.  Startin^g  Up  and  Running'. — With  all  parts  sup- 
posedly in  good  working  order,  joints  tight,  stuffingboxes, 
pistons,  and  valves  properly  packed,  guides,  sheaves,  and 
other  moving  parts  well  oiled,  start  the  pumps  and  partially 
fill  the  pressure  tank;  in  doing  so,  the  air  in  the  tank  will  be 
compressed,  but  there  Avill  not  be  sufficient  air  in  the  tank 
to  give  the  required  pressure.  Therefore,  when  the  tank  is 
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about  half  full  of  water,  open  the  air  vent  in  the  suction 
pipe  of  the  pump,  thus  introducing  air  with  the  water  until 
the  proper  pressure  is  reached,  when  the  gauge  shows  about 
one-third  of  air  and  two-thirds  of  water,  this  being  the  pro- 
portion upon  which  tanks  are  generally  based  to  amply  sup- 
ply the  necessary  amount  of  water  for  the  cylinders.  When 
an  extra  air  pump  is  provided,  fill  the  tank  two-thirds  full 
of  water  and  supply  the  air  pressure  afterwards.  The  water 
level  indicated  above  should  be  carefully  maintained  by  the 
engineer  in  charge  during  the  operation  of  the  plant  by 
opening  the  vent  in  the  suction  pipe  of  the  pump  occasion- 
ally or  starting  the  air  pumps,  respectively,  whenever  the 
water  level  rises  higher  through  loss  of  air  by  leakage  or 
absorption.  It  is  better  to  have  a little  more  air  in  the 
tank  than  too  little,  since  too  small  an  air  volume  is  apt  to 
cause  considerable  fluctuation  of  the  pressure  during  each 
stroke  of  the  elevator  piston. 

After  the  necessary  pressure  has  been  reached,  slowly 
open  the  stop-valve  between  the  tank  and  the  controlling 
valve,  which  stop-valve  is  generally  and  preferably  a gate 
valve.  Next,  slowly  open  the  controlling  valve,  all  air  valves 
or  cocks  having  been  previously  opened^  to  allow  the  air  con- 
tained in  the  cylinder  to  escape ; the  air  cocks  are  shown 
at  a^  Fig.  G,  and  at  Fig.  8.  For  the  first  filling  of  the 
cylinder,  the  controlling  valve  must  be  set  for  going  np. 
After  all  the  air  is  expelled,  which  can  be  ascertained  by 
water  running  from  the  air  cock  into  the  funnel  of  the  drip 
pipe  Figs.  G and  8,  close  the  air  cock.  The  elevator  is 
now  ready  for  running. 

52.  Absorption  and  Discharge  of  Air. — As  already 
mentioned,  the  air  will  be  absorbed  by  the  water  to  a cer- 
tain extent.  This  air  frees  itself  in  the  cylinder  and  may 
form  a cushion.  It  is,  therefore,  occasionally  necessary  to 
remove  the  air.  In  vertical-cylinder  (circulating)  systems 
such  an  air  cushion  can  form  above  and  below  the  piston. 
Air  below  the  piston  is  automatically  removed  in  the  Otis 
vertical  elevator  by  a piston  air  valve  e,  Fig.  G,  provided  for 
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the  purpose,  Avhich  lets  the  air  into  the  space  above  the 
piston,  whence  it  can  be  removed  through  the  air  cock  a. 
When  there  is  air  in  the  cylinder,  this  will  cause  the  car  to 
spring  up  and  down  in  stopping.  When  the  quantity  of  air 
is  small,  it  can  generally  be  let  out  by  opening  the  air  cock 
and  running  a few  trips.  This  should,  therefore,  be  done 
occasionally.  If  there  is  much  air  in  the  cylinder  the  car 
must  be  run  to  the  top  and  the  controlling  valve  set  for 
going  down.  While  the  car  and  valve  are  in  this  position, 
open  the  air  cock  and  allow  the  air  to  escape.  This  may 
have  to  be  repeated  several  times  before  the  air  is  all 
removed.  If  the  absorption  of  the  air  by  the  water  is 
found  to  be  considerable,  it  may  effectually  be  prevented  by 
the  introduction  into  the  tank  of  a layer  of  heavy  oil  about 
4 inches  thick.  This  expedient  will,  however,  have  to  be 
resorted  to  but  seldom. 

53.  Settling  of  Car. — After  all  the  air  is  removed  close 
the  air  cock,  as  otherwise  the  car  will  settle,  that  is,  slowly 
creep  down  at  the  landings.  If  the  air  cock  is  properly 
closed  and  the  car  still  shows  a tendency  to  settle,  the  cause 
is  probably  that  the  piston  or  valve  is  leaking  and  needs 
repacking.  Another  cause  for  settling  may  be  that  the 
piston  air  valve  r.  Fig.  6,  does  not  properly  seat. 

54.  Groaning  Xoise  in  tlie  Cylinder. — If  a groaning 
noise  is  heard,  it  may  be  taken  as  a sign  either  that  the  two 
piston  rods  (in  the  vertical  type)  are  not  drawing  alike  or 
that  the  piston  packing  is  worn  out  and  needs  renewal.  If 
it  is  believed  that  the  fault  lies  with  the  rods,  this  may  be 
ascertained  by  trying  to  turn  the  rods  with  the  hands;  if 
one  of  them  will  turn,  it  needs  tightening  up.  If  the  pack- 
ing is  at  fault,  the  car  will  settle. 

5.5.  Stretching  of  Cables. — The  cables  should  not  be 
allowed  to  stretch  enough  to  prevent  the  car  from  reaching 
the  top  landing,  because  of  the  danger  of  the  piston  stri- 
king the  bottom  cylinder  head. 
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56.  Ilaiicl  Cable,  Ijimit-Stoi>  Buttons,  Back-Stoi^ 
Buttons. — The  hand  cable,  or  shipper  rope,  as  we  have 
called  it,  should  be  properly  adjusted,  neither  too  tight  nor 
too  loose.  The  limit-stop  buttons  should  be  so  adjusted  that 
the  car  will  stop  at  a few  inches  beyond  either  extreme  landing 
and  before  the  piston  strikes  the  head  of  the  cylinder.  The 
back-stop  buttons  should  be  so  adjusted  that  the  valve  cannot 
be  opened  either  way  more  than  to  give  the  car  the  required 
speed.  In  the  case  of  auxiliary,  or  pilot,  valves,  the  stops  on 
the  shipper  sheave  serve  instead  of  the  back-stop  buttons. 

57.  Bubrication. — The  plungers  in  plunger  elevators 
should  be  kept  well  greased  and  clean.  A good  way  to 
clean  and  grease  the  plunger,  suggested  by  the  Plunger 
Elevator  Company  in  connection  with  their  “elevator 
grease,”  is  to  stand  at  the  bottom  floor  and  to  run  the 
elevator  slowly  up  while  zviping  the  pbingcr  dry.  On  run- 
ning the  car  down  again,  cover  the  plunger  with  a thin  coat 
of  grease,  rubbing  it  on  and  spreading  it  even  with  the 
hands.  The  plunger  should  be  dry  when  the  grease  is 
applied ; otherwise  the  grease  will  not  stick.  The  inside  of 
the  cylinder  should  be  lubricated  about  every  two  weeks  with 
cylinder  oil.  Oil  cups  are  generally  provided  for  this  pur- 
pose. The  Otis  Elevator  Company,  of  Chicago  (Crane  Ele- 
vator Company),  say  the  following  in  regard  to  lubrication: 
“The  most  effectual  method  of  lubricating  the  internal 
parts  of  hydraulic-elevator  plants,  where  pumps  and  tanks 
are  used,  is  to  carry  the  exhaust-steam  drips  from  the  foot 
of  the  pump-exhaust  pipe  to  the  discharge  tank,  thus  saving 
the  distilled  water  and  cylinder  oil.  This  system  is  invalu- 
able when  water  holding  minerals  in  solution  is  used,  as 
these  minerals  greatly  increase  corrosion.” 

Horizontal  machines  operated  by  city  pressure  are  best 
lubricated  with  a heavy  grease,  applied  either  mechanically 
or  by  means  of  a piece  of  waste  on  the  end  of  a pole.  The 
former  method  serves  as  a constant  lubricator,  while  in  the 
latter  case  greasing  is  often  neglected  and,  in  consequence, 
packing  lasts  but  a short  time. 
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Mr.  Ford  recommends  as  a lubricant  for  his  valves, 
described  in  Arts.  43,  44,  and  47,  common  soap  applied 
once  a month. 

58.  Basiling  Hlieaves. — If  the  traveling-sheave  bush- 
ing is  worn  so  that  the  sheave  binds  or  if  the  bushing  is 
nearly  worn  through,  turn  it  half  around  and  thus  obtain  a 
new  bearing.  If  it  has  been  turned  before,  put  in  a new 
bushing. 

59.  Precautions  Against  Freezing. — Precaution  must 
be  taken  against  the  water  freezing  in  any  part  of  the  sys- 
tem. If  the  cylinder  and  connections  must  be  located  in  an 
exposed  place,  they  should  be  protected  against  frost  by 
building  an  air-tight  box,  open  at  the  bottom,  around  them; 
a small  gas  jet  should  be  kept  burning  at  the  bottom,  or 
when  steam  is  available  a coil  should  be  placed  near  the 
cylinder.  Plunger-elevator  cylinders  are  exempt  from  the 
danger  of  freezing.  Supply  pipes  outside  of  the  building 
are  best  protected  by  burying  them  in  the  ground  below  the 
freezing  line,  say  6 feet.  If  this  cannot  be  done,  they 
should  be  covered  with  non-conducting  material,  the  same 
as  is  used  for  steam  pipes.  If  in  cold  weather  the  elevator 
service  is  to  be  stopped  for  any  length  of  time  the  water 
must  be  drained  off,  care  being  taken  that  this  is  done 
thoroughly.  This  applies  especially  to  small  pipe  connec- 
tions for  drips,  vents,  etc.,  which  should  be  free  from  bends, 
loops,  or  sags  in  which  water  may  be  left  to  freeze  after  the 
system  has  been  drained. 

60.  Closing  Down  Hydraulic  Elevators. — We  will 
imagine  that  for  some  purpose,  as  prevention  of  freezing, 
change  of  water,  etc.,  the  plant  is  to  be  closed  down.  After 
removing  the  lower  limit-stop  button,  run  the  car  slowly  to 
the  bottom.  Next  shut  off  the  supply  by  closing  the  valve 
provided  for  the  purpose  in  the  supply  pipe,  as  the  valve  n 
in  Fig.  17.  In  the  plunger  type  of  elevator  machine,  the 
valve  and  connections  only  are  thus  drained,  the  cylinder 
remaining  full  of  water  around  the  plunger,  which,  however, 
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does  no  harm,  since  being  far  underground  the  water  will 
not  freeze.  In  the  horizontal  machines,  running  the  car 
down  and  closing  the  supply  leaves  both  cylinder  and 
valve  free  of  water.  In  the  vertical  (circulating)  machine, 
however,  the  cylinder  and  circulating  pipe  are  still  full  of 
water  when  the  car  is  down  and  must  be  drained.  For  this 
purpose,  open  the  air  cock  and  the  drain-pipe  valve  Figs.  6 
and  8.  Throw  the  valve  for  going  2ip  to  empty  the  cylinder 
through  the  discharge  pipe.  Next  throw  the  valve  iox  going 
down  to  empty  the  circulating  pipe  through  the  drain  pipe. 
After  all  water  is  drained  off,  grease  the  cylinder  with  heavy 
grease  if  the  machine  is  of  the  horizontal  type,  and  grease 
the  piston  rods  if  of  the  vertical  type. 

01.  Paekiiift’  Pliiiii^er  and  Piston  Rods  and  Stnff- 
in/gboxes. — Stuffingboxes  that  must  be  repacked  from  time 
to  time  occur  in  the  plunger  type,  the  vertical  type,  and  the 
horizontal  tension  type  of  hydraulic  elevators.  For  repack- 
ing the  stuffingboxes,  it  is  neither  necessary  nor  expedient  to 
drain  the  system. 

For  packing  plunger  stuffingboxes,  run  up  the  car  suffi- 
ciently to  be  enabled  to  work  conveniently  in  the  pit,  shut 
the  three-way  controlling  valve  and  the  supply  stop-valve 
between  the  tank  and  the  controlling  valve.  Block  up  the 
car,  then  remove  the  gland  of  the  stuffingbox  and  renew  the 
packing;  replace  the  gland,  screwing  up  the  bolts  just  tight 
enough  to  prevent  leaking,  open  the  supply  stop- valve  and 
then  slowly  the  controlling  valve,  setting  it  for  going  up. 
Remove  the  blocking. 

(y2.  Various  materials  are  used  for  packing  plunger 
stuffingboxes.  For  the  smaller  sizes,  such  as  sidewalk- 
elevator  plungers,  fibrous  packing,  such  as  hemp,  flax,  or 
cotton,  is  used  exclusively.  For  large  plungers  cup  leathers 
are  probably  the  best  packing.  But  since  the  cup-leather 
ring  must  be  split  open  in  order  to  introduce  it  into  the  box, 
much  of  its  value  is  impaired;  therefore,  fibrous  packing  is 
much  used. 
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63.  To  retain  the  cup-leather  principle  and  at  the  same 
time  to  avoid  the  objection  to  the  butt  joint,  multiple  cup 


leathers  may  be  used.  Fig.  23 
shows  a plan  that  is  said  to 
have  proved  very  satisfactory. 
The  packing  consists  of  split 
leather  rings,  or  even  of  ring 
sections,  of  V-shaped  cross- 
section.  The  edges  of  these 
rings  are  cut  down  sharp,  in 
consequence  of  which  they  act 
in  much  the  same  manner  as 
cup  leathers.  The  single  sec- 
tions are,  of  course,  intro- 
duced so  as  to  break  joints, 
tight,  but  is  likely  to  create  a 


is  kind  of  packing  is  very 
at  deal  of  friction. 


64.  A much  better  arrangement  is  shown  in  Fig.  24. 
This  packing,  known  as  Wrigdit’s  elevator  packing,  con- 


Fig.  24 

sists  of  a split  rubber  ring  / of  cup-shaped  cross-section  and 
a split  leather  ring  r of  L-shaped  section.  Both  rings  are 
placed  in  the  stuffingbox  so  as  to  break  joints. 

65.  For  packing  piston-rod  stufhngboxes,  close  the  sup- 
ply stop-valve  and  open  the  air  cock  to  make  sure  that  there 
is  no  pressure  in  the  cylinder;  remove  the  followers  and 
glands  of  the  stuffingboxes  and  renew  the  packing.  Screw 
down  the  followers  only  tight  enough  to  prevent  leaking. 
Fibrous  packing  is  used  exclusively. 
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66.  Packing  Vertical  Cylinder  Pistons.  — In  some 
designs  of  vertical  elevators  the  piston  can  only  be  packed 
from  the  top,  as  in  the  elevators  shown  in  Figs.  Sand  8.  In 
others,  provision  is  made  for  packing  the  piston  either  from 
the  top  or  bottom,  as  in  the  Otis  elevator  shown  in  Fig.  G. 
In  others,  again,  the  piston  can  be  packed  only  from  the 
bottom,  as  in  the  elevator  shown  in  Fig.  11. 

67.  To  pack  a vertical  cylinder  piston  from  the  top,  run 
the  car  to  the  bottom  and  close  the  stop-valve  in  the  supply 
pipe.  Open  the  air  cock  at  the  head  of  the  cylinder  and  also 
keep  open  the  valve  in  the  drain  pipe  from  the  side  of  the 
cylinder  long  enough  to  drain  the  water  in  the  cylinder  down 
to  the  level  of  the  top  of  the  piston.  Now  remove  the  top 
head  of  the  cylinder,  slipping  it  up  the  piston  rod  out  of  the 
way  and  fastening  it  there.  If  the  piston  is  not  near  enough 
to  the  top  of  the  cylinder  to  be  accessible,  attach  a rope  or 
small  tackle  to  the  main  cables  (not  the  counterbalance 
cables)  a few  feet  above  the  car  and  draw  them  down  suffi- 
ciently to  bring  the  piston  within  reach.  Remove  the  bolts 
in  the  piston  follower  by  means  of  a socket  wrench.  Mark 
the  exact  position  of  the  piston  follower  before  removing  it, 
so  that  there  will  be  no  difficulty  in  replacing  it. 

In  the  elevators  shown  in  Figs.  5 and  8 fibrous  hemp  pack- 
ing is  used.  In  the  design  shown  in  Fig.  0,  a combination  of 
cup-leather  and  duck  packing  is  used.  On  removing  the 
follower  of  this  piston,  a leather  cup  / is  found  turned 
upwards,  with  coils  u of  |-inch  square  duck  packing  on  the 
outside.  This  duck  packing  should  be  removed  and  the  dirt 
cleaned  out;  also  clean  out  the  holes  in  the  piston  through 
which  the  water  acts  on  the  cup.  If  the  leather  cup  is  in 
good  condition,  replace  it  and  on  the  outside  place  three 
new  coils  of  -|-inch  square  duck  packing,  being  careful  that 
they  break  joints  and  also  that  the  thickness  of  the  three 
coils  up  and  down  does  not  fill  the  space  by  ^ inch,  as  in 
such  a case  the  water  might  swell  the  packing  sufficiently  to 
cramp  it  in  this  space,  thus  destroying  its  poAver  to  expand. 
If  too  tight,  strip  off  a few  thicknesses  of  canvas. 
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Replace  the  piston  follower  and  let  the  piston  down  to  its 
right  position.  Replace  the  cylinder  head  and  gradually 
open  the  gate  valve  in  the  supply  pipe,  first  being  sure  that 
the  operating  valve  is  on  the  center.  As  soon  as  the  air  has 
escaped,  close  the  air  cock  and  the  elevator  is  ready  to  run. 

68.  To  pack  vertical-cylinder  pistons  from  the  bottom, 
remove  the  top  limit-stop  button  and  run  the  car  up  until 
the  piston  strikes  the  bottom  head  of  the  cylinder.  Secure 
the  car  in  this  position  by  passing  a strong  rope  under  the 
girdle,  or  crosshead,  and  over  the  sheave  timbers.  When 
secured,  close  the  gate  valve  in  the  supply  pipe,  open  the  air 
cock  at  the  head  of  the  cylinder,  and  throw  the  controlling 
valve  for  the  car  to  g-o  np.  Also  open  the  valve  in  the  drain 
pipe  from  the  side  of  the  cylinder  and  from  the  lower  head  of 
the  cylinder,  thus  allowing  the  water  to  drain  out  of  the 
cylinder.  When  the  cylinder  is  empty,  throw  the  valve  for 
the  car  to  descend^  in  order  to  drain  the  water  from  the 
circulating  pipe. 

In  cases  of  tank  pressure,  where  the  level  of  water  in  the 
lower  tank  is  above  the  bottom  of  the  cylinder,  the  gate  valve 
in  the  discharge  pipe  will  have  to  be  closed  as  soon  as  the 
water  in  the  cylinder  is  on  the  level  with  that  in  the  tank, 
allowing  the  rest  to  pass  through  the  drain  pipe  to  the  sewer. 
When  all  water  is  drained  off,  proceed  as  directed  in  the 
previous  article  in  renewing  the  packing.  To  refill  the  cyl- 
inder after  packing,  close  the  valves  in  the  drain  pipes,  leave 
open  the  air  cock  at  the  head  of  the  cylinder,  leave  the  con- 
trolling valve  in  the  position  to  descend,  and  open  the  gate 
valve  in  the  discharge.  Slowly  open  the  gate  valve  in  the 
supply  pipe,  allowing  the  cylinder  to  fill  gradually  and  the  air 
to  escape  at  the  head  of  the  cylinder.  When  the  cylinder  is 
full  of  water,  close  the  air  cock  and  put  the  controlling  valve 
on  the  center.  The  car  can  then  be  untied,  the  limit-stop 
button  reset,  and  the  elevator  is  ready  to  use. 

60.  Packin^^  Iloidzoiital  Hydraulic  Elevators. — In  a 

compression-type  elevator  run  the  car  to  within  1 foot  of 
the  extreme  top  and  secure  it  to  the  overhead  beams  with  a 
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chain  or  rope.  Close  the  gate  valves  in  the  supply  and  dis- 
charge pipes  and  open  the  air  cock  and  valve  in  the  drain 
pipe,  emptying  the  cylinder.  Remove  the  buffer  across  the 
front  (open)  end  of  the  cylinder  and  slide  it  along  the  piston 
rod  out  of  the  way.  Remove  the, follower  of  the  piston. 
With  a hooked  piece  of  wire  remove  the  old  packing.  Raise 
the  piston  head  until  it  is  in  the  center  of  the  cylinder.  If 
the  cylinder  is  found  to  be  in  good  condition,  cut  off  four 
rings  of  square  lubricated  fibrous  packing  9 inches  longer 
than  the  circumference  of  the  cylinder.  Place  the  two  ends 
of  a ring  together  and  form  tucks  with  the  balance.  Force 
in  these  tucks  ohe  at  a time  with  a hardwood  stick  until  all 
are  level  against  the  head.  Proceed  in  the  same  manner 
with  the  remainder  of  the  packing.  Arrange  the  packing  so 
that  the  joints  in  the  different  rings  do  not  come  together. 

If  the  cylinder  is  badly  worn,  use  square  pure-rubber 
packing  for  the  first  and  last  ring,  and  make  these  but  1 inch 
larger  than  the  circumference  of  the  cylinder.  This  rubber 
insures  a backing  for  the  fibrous  packing.  After  putting 
the  packing  in  position,  replace  the  follower  and  screw  on 
the  nuts  with  the  fingers  until  the  follower  is  close  to  tlie 
packing.  On  two  of  the  studs  opposite  each  other  will  be 
found  jam  nuts.  vSet  these  out  against  the  follower  and 
tighten  with  a wrench.  Replace  the  buffer.  Close  the  drain 
valve  and  set  the  controlling  valve  for  going  up.  Open  the 
gate  valve  in  the  supply  pipe  and  fill  the  cylinder.  When 
' the  cylinder  is  filled,  close  the  air  cock.  As  the  car  in  the 
first  place  was  not  at  the  extreme  top,  the  pressure  in  the 
cylinder  will  run  the  piston  head  against  the  buffer  and 
the  car  will  ascend  to  the  extreme  top.  The  fastenings  may 
then  be  removed.  Throw  the  controlling  valve  on  the  center 
and  open  the  discharge.  The  'elevator  is  then  ready  to 
descend.  Do  not  make  any  trips  until  the  cylinder  is 
thoroughly  greased.  Continue  greasing  twice  a week. 

In  the  course  of  time,  leaks  will  occur  in  the  cylinder. 
Loosen  the  jam  nuts  back  of  the  follower  and  set  up  the 
nuts  on  the  studs  equally  until  the  leak  is  stopped.  Then 
retighten  the  jam  nuts. 
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70.  In  the  tension  type  of  horizontal  hydraulic  elevator, 
the  procedure  is  exactly  the  same,  with  the  exception  that 
there  is  no  buffer  to  be  removed,  the  open  end  of  the  cylin- 
der being  at  the  back. 

71.  Packing;’  tlie  Controlling  Valves. — Run  the  car 
to  the  bottom,  close  the  supply  valve,  and  drain  the  system 
as  previously  described.  When  the  water  is  all  drained  off 
take  off  the  cap.  After  marking  the  exact  position  of  the 
various  parts  in  relation  to  one  another,  remove  the  valve 
proper  and  renew  the  packings,  placing  the  new  ones  in  the 
same  position  as  the  old  ones.  Before  refilling  the  cylinder 
close  the  valves  in  the  drain  pipes,  but  leave  the  air  cock  at 
the  head  of  the  cylinder  open  and  be  careful  that  the  valve 
is  in  the  position  for  the  car  to  go  down.  Gradually  open 
the  gate  valve  in  the  supply  pipe.  When  the  cylinder  is 
filled,  close  the  air  cock  and  open  the  gate  in  the  discharge 
pipe. 

72.  Packing  Material. — Fibrous  packing  is  furnished 
by  the  trade  in  the  form  of  a square  braided  fiber  impreg- 
nated with  a greasy  substance.  The  material  used  is  hemp, 
flax,  or  cotton.  It  is  claimed  by  some  that  cotton  is  a more 
suitable  material,  being  more  elastic,  softer,  and  more 
absorbent  for  grease.  In  using  it,  it  is  important  that  it 
should  be  well  soaked  in  boiling  tallow  for  several  hours  to 
exclude  with  certainty  all  air  from  the  pores. 

73.  Leather  for  cups  should  be  of  the  best  quality,  of 
an  even  thickness,  free  from  blemish,  and  treated  with  a 
waterproof  dressing.  The  cups  should  be  of  sufficient  stiff- 
ness to  be  self-sustaining  when  passing  over  the  perforated 
valve  lining.  Elevator  builders  generally  make  and  furnish 
packings  to  fit  their  machinery,  and  it  is  recommended  to 
get  supplies  from  them.  When  ordering  cups,  the  pressure 
of  water  carried  should  be  specified,  as  the  stiff  cups 
intended  for  high  pressure  would  not  set  out  against  the 
valve  lining  when  low  pressure  is  used. 
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CATl  SAFETIES. 


PURPOSE. 

1,  The  term  car  safeties  applies  to  safety  devices  that 
in  cases  of  emergency  prevent  the  car  from  falling  imre- 
tarded  to  the  bottom  of  the  shaft.  All  these  devices,  with 
the  exception  of  air  cushions,  consist  primarily  of  catches  in 
the  shape  of  wedges,  pawls,  etc.  that  lock  the  car  to  the 
guides.  They  differ,  however,  in  the  means  by  which  these 
catches  are  set  in  operation.  In  some  designs  of  car  safeties, 
only  the  breaking  of  the  hoisting  cable  or  cables  or  its 
becoming  slack  through  a temporary  sticking  of  the  car 
in  its  descent  will  operate  the  safety  catches.  In  other 
designs,  excessive  speed  of  the  car  is  relied  on  to  operate 
them. 


SUOW-SPEEU  CAR  SAFETIES. 

2,  Fig.  1 shows  the  simplest  form  of  a car  safety 
intended  to  operate  at  the  breaking  of  the  hoisting  cable  or 
its  becoming  slack  through  a temporary  arrest  of  the  car. 
The  hoisting  cable  is  attached  to  a bolt  F,  which  is  free  to 
slide  in  its  hole  in  d,  but  has  an  enlarged  head  on  the  bottom 
through  which  the  curved  spring  c passes.  The  lower  end  c 

§ Id 
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of  the  bolt  is  slotted  to  receive  one  end  of  the  bell-crank 
levers  A,  A,  which  are  pivoted  to  the  uprights  of  the  car. 
The  other  ends  of  the  bell-crank  levers  carry  pawls  /, 
which  are  spring-actuated  and  adapted  to  enter  between 
suitable  ratchet  teeth  on  the  guides.  The  pawls  are  nor- 
mally held  out  of  en- 
gagement with  the 
teeth,  the  spring  e 
being  compressed  by 
the  load.  Should  the 
cable  break  or  be- 
come slack  for  any 
reason,  such  as  a tem- 
porary arrest  of  the 
car  in  its  descent,  the 
tension  in  the  spring  e 
would  be  relieved  and 
the  pawls  would  con- 
sequently engage  the 
ratchet  teeth,  pre- 
venting the  car  from 
falling. 

3.  P a w 1 - a n d - 
ratchet  arrange- 
ments,  such  as  are 
shown  typically  in 
Fig.  1,  are  now  but 
seldom  used ; they  are 
suitable  only  for  slow 
elevators.  The  pawl  is  generally  replaced  by  a wedge  that 
enters  between  the  guides  and  the  guide  shoes.  Fig.  2 is  an 
example  of  a car  safety  of  this  kind.  The  cable  is  attached, 
as  in  the  previous  case,  to  a spring-actuated  bolt  or  stirrup  A 
carrying  an  S-shaped  plate  5,  to  which  the  links  A,  A are 
attached.  These,  in  turn,  are  connected  to  levers  A,  A. 
When  the  cable  breaks,  the  helical  springs  surrounding  the 
legs  of  the  stirrup  force  down  the  plate  A,  lifting  up  the 


Fig.  1. 


ELEVATORS. 


3 


§40 


outer  ends  of  the  levers  A,  E.  These  levers,  in  turn,  then 
press  on  serrated  wedges  J L,  W contained  in  pockets  of  the 
guide  shoes  in  such  a manner  that  ordinarily  they  remain 


by  gravity  out  of  contact  with  the  guides.  The  pressure  of 
the  lever  ends  forces  them  against  the  guides  and  the  down- 
ward motion  of  the  falling  car  wedges  them  tight,  the 
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serrations  or  teeth  bury- 
ing themselves  into  the 
wood  of  the  guides. 
When  the  car  is  again 
lifted,  the  wedges  disen- 
gage themselves.  This 
safety  is  regularly  used 
by  the  A.  B.  See  Manu- 
facturing Company  on 
their  freight  elevators 
with  wooden  guides. 

4.  It  will  be  noticed  in 
the  arrangement  shown 
in  Fig.  2 that  two  cables 
are  used,  but  in  order 
that  the  safety  mecha- 
nism should  operate,  both 
cables  must  break  or 
become  slack  at  the  same 
time. 

5.  In  order  to  make 
the  safety  device  respond 
to  the  breaking,  slacking, 
or  even  stretching  of  one 
of  several  cables  used,  the 
cables  must  be  independ- 
ently attached  to  wedge- 
operating  levers.  Figs.  3 
and  4 show  an  arrange- 
ment of  this  kind  known 
as  the  Otis  ^ravity- 
wedg^e  safety.  It  con- 
sists of  a so-called  safety 
lilaiik  P of  hardwood 
placed  under  the  plat- 
form of  the  car,  and  into 
the  ends  of  which  are  let 
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the  guide  shoes,  each  of  which  consists  of  a fixed  jaw  C and 
an  adjustable  one  the  latter  being  very  clearly  shown 
in  Fig.  4 (a)  and  (^).  Between  the  fixed  jaw  and  the 
guide  A is  inserted  a wedge  IV,  which  is  normally  held  by 
gravity  in  such  a position  that  the  shoe  can  slide  freely 
over  the  guide.  The  cables  are  attached,  in  the  manner 
shown  in  Fig.  3,  to  the  sliackle  rods  A,  Fig.  4,  which, 
in  turn,  pass  through  an  equalizing;  lever  pivoted  in  a 
suitable  manner  to  the  safety  plank  P.  From  the  shackle 
rods  the  cables  are  carried  upwards  over  rollers  in  a 
wrought-iron  g;irdle  P,  Fig.  3,  at  the  top  of  the  car.  By 
virtue  of  the  equalizing  levers,  each  of  the  four  cables  car- 
ries an  equal  strain,  and  as  long  as  all  cables  are  equally 
sound  the  equalizing  levers  will  remain  in  their  original 
position,  that  is,  horizontal,  as  shown  in  Fig.  4 (a).  As 
soon,  however,  as  one  of  the  cables  breaks  or  even  stretches 
more  than  its  neighbor,  the  equalizing  lever  will  tilt,  as 
shown  in  Fig.  4 (/>»).  An  arm  / of  the  equalizing  lever  car- 
ries a setscrew  s,  which  is  so  adjusted  that  when  the  lever 
tilts  down  it  will  strike  the  end  of  a finger  H mounted  on 
a shaft  under  the  safety  plank.  This  finger  then  presses 
against  the  wedge  W,  making  it  engage  the  guide.  Another 
setscrew  s'  is  provided  on  the  arm  of  the  equalizing  lever 
and  has  the  same  effect  on  the  finger  H in  case  the  lever 
tilts  the  other  way.  It  is  thus  seen  that  in  case  any  of  the 
cables  become  slack,  stretched,  or  broken,  the  car  will  be 
stopped.  The  car  may  then  be  lifted  by  the  other  cables, 
but  it  cannot  be  lowered  until  the  damaged  cable  is  replaced. 
The  spring  acting  on  the  spring  plate  S'  keeps  the  wedge 
W in  place  and  prevents  it,  under  normal  conditions,  from 
being  drawn  into  engagement  by  mere  sliding  contact  with 
the  guide. 


ITTGTT-SPEKI)  CAJt  SAFETIES. 

G.  Safeties  operated  by  the  breakage,  slacking,  or  stretch- 
ing of  a hoisting  cable  are  today  not  considered  sufficient 
except  for  very  slow-speed  elevators.  In  all  high-speed 
elevators  the  catches  are  set  into  operation  by  excessive 
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speed  of  the  car,  and  the  most  generally  adopted  plan  to 
effect  this  is  the  employment  of  a centrifugal  governor 
placed  either  on  top  of  the  hoistway  or  carried  on  the  car, 
and  operated  by  an  endless  rope  attached  to  the  car  or 
some  fixed  point.  Such  an  arrangement  is  often  found  in 
addition  to  safeties  to  be  operated  by  breaking  cables, 
notably  when  city  ordinances  demand  the  latter. 

7.  An  example  of  such  a safety  device  is  given  in  the 
Otis  elevator  shown  in  Fig.  3.  The  finger  shaft  mentioned 
in  Art.  5 can  also  be  operated  by  a rope  r attached  to  a 
lever  /,  which,  in  turn,  presses  on  a finger  f on  the  finger 
shaft.  The  rope  r passes  around  the  pulley  of  a centrifugal 
governor  (S',  Fig.  3,  on  top  of  the  hoistway  and  an  idler  at  the 
bottom.  The  idler  is  mounted  on  a crosshead  that  slides 
vertically  in  short  guides  and  is  weighted  so  as  to  give  the 
rope  r the  proper  tension.  The  centrifugal  governor,  by  the 
outward  motion  of  the  balls,  operates  a clutch  consisting  of 
two  eccentrics  g and  g \ between  which  the  rope  r passes  and 
which  are  geared  together  so  as  to  grasp  and  pinch  the  rope 
when  the  balls  move  out  too  far,  owing  to  excessive  speed. 
The  shaft  of  the  eccentric^'  has  a crank  o connected  by  a 
rod  to  the  operating  lever  of  the  ball  governor  G.  The 
eccentric^'  is,  however,  loose  on  its  shaft  and  has  fastened 
to  it  an  arm  a having  a stop  pin  /,  against  which  the  crank  o 
strikes  at  excessive  speed  of  the  governor,  bringing  the 
eccentrics  together  so  as  to  just  bite  the  rope  r.  The  con- 
tinuing motion  of  the  rope  then  pulls  the  eccentrics  over 
fully,  finishing  the  grip.  The  governor  thus  only  starts  the 
gripping  of  the  eccentrics.  It  will  be  easily  understood  that 
reversing  the  motion  of  the  car  will  throw  the  eccentrics 
back  into  their  original  position.  The  gripping  of  the  rope 
causes  the  descending  car  to  turn  the  lever  / left-handed; 
this,  in  turn,  rotates  the  finger  shaft  through  engaging  the 
finger /,  and  the  finger  //then  operates  the  wedge  W\  the 
guides  are  thus  gripped. 

8.  Another  governor-operated  device  that  is  extensively 
used  by  the  Otis  Elevator  Company  in  connection  with  steel 
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guides  is  shown,  together  with  the  whole  car  frame,  in  Fig.  5, 
and  in  detail  in  Fig.  6.  It  will  be  noticed  from  the  drawing 
that  the  four  hoisting  cables  are  not  connected  in  any  way 
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with  the  safety  device,  but  that  the  latter  is  solely  operated 
by  the  governor  rope.  The  rope  is  attached  to  a lever  Z, 
which  is  fastened  to  a shaft  .S  running  across  the  top  of  the  car 
frame.  This  shaft  is  held,  normally,  in  a fixed  position  by 
a helical  spring  s and  a stop-collar,  or  dog,  V,  resting  against 
the  guide-shoe  casting.  A little  nearer  the  fulcrum  of  the 
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lever  L a rod  r is  attached  to  this  lever;  and  to  a separate 
lever  / on  the  other  end  of  the  shaft  V a similar  rod  r'  is 
attached.  These  rods  extend  downwards  to  the  safety  plank, 
where  they  have  flattened  ends  e,  Figs.  5 and  6.  A slot  in 
each  of  these  flattened  ends  serves  to  guide  the  rods  by 
means  of  a pin  p.  On  the  under  side  of  the  flattened  end  is 
a shelf  Fig.  6,  that  supports  a loose  roller  r,  serrated  on 


its  cylindrical  surface  and  contained  in  a pocket  formed  in 
the  casting  on  the  end  of  the  safety  plank.  This  pocket 
is  so  formed  that  if  the  roller  r be  lifted,  it  will  be  wedged 
in  between  the  back  wall  of  the  pocket  and  the  side  of  the 
T-shaped  guide  rail.  The  operation  of  this  arrangement 
will  be  easily  understood  from  the  above  brief  description 
and  Fig.  6,  which  shows  the  clamping  roller  in  action  and 
out  of  action. 

9.  In  some  governor-operated  safeties  the  governor  is 
carried  under  the  platform  of  the  car.  Fig.  7 shows  an 
arrangement  of  this  kind  as  built  by  the  A.  B.  See  Man- 
ufacturing Company,  and  is  intended  for  use  with  steel 
guides.  Fig.  7 (a)  is  a bottom  view,  while  Fig.  7 (^)  is  an 
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elevation  of  the  governor  and  cable-gripping  device.  To 
the  guide-shoe  castings  S,  shown  in  side  view  in  Fig.  7 (r), 
shown  complete  at  the  left  of  Fig.  7 (a),  and  at  the  right 
with  the  guide  shoe  proper  and  its  sleeve  removed,  are  piv- 
oted the  levers  Z,  L and  Z',  Z'.  The  short  arms  of  these 
levers  carry  grip  blocks  Z,  B and  Z',  Z',  which  are  intended 
to  close  upon  the  guide  rails  in  case  of  excessive  speed. 
The  long  arms  of  the  levers  Z,  Z'  carry  rollers  r,  r.  Each 
pair  of  levers  is  connected  by  a spring  that  normally  holds 
the  grip  blocks  off  the  guide  rail.  The  governor  rope  a* 
passes  up  from  the  bottom  of  the  elevator  shaft  over  the 
governor  sheave  H to  the  first  one  of  a set  of  sheaves 
mounted  in  a crosshead  C\  thence  to  the  first  one  of  another 
similar  set  of  sheaves  mounted  in  a crosshead  Z,  thence 
back  and  forth  over  the  other  sheaves  of  these  sets,  and 
finally  over  an  idler  D up  to  the  top  of  the  hoistway.  The 
crossheads  C and  C are  properly  guided  and  held  by  springs 
a certain  extreme  distance  apart  under  normal  conditions. 
To  the  crossheads  are  bolted  cast-iron  wedges  IF,  W\  which 
are  so  designed  as  to  enter  between  the  rollers  r,  r on 
the  ends  of  the  long  arms  of  the  levers  Z,  L\  and  thus  to 
push  the  same  apart,  closing  the  grip  blocks  down  on  the 
guide  rails.  These  wedges  enter  between  the  rollers  when 
the  governor  rope  is  arrested  by  the  gripping  device  on  the 
governor,  since  then  the  two  sets  of  sheaves  mounted  on  the 
crossheads  Z,  C will  be  pulled  together  by  the  rope  short- 
ening between  them. 

lO.  The  action  of  the  governor  will  be  easily  understood 
from  Fig.  7 (/?).  The  governor  rope  ur  coming  from  the 
governor  sheave  H passes  between  two  jaws  j and  the 
former  of  which  is  pivoted  to  the  governor  frame  and  is 
actuated  by  a helical  spring  t that  gives  it  a tendency  to 
bear  down  on  the  rope  against  the  other  jaw  j\  which  is 
fixed.  The  movable  jaw y’ has  an  arm  a attached  to  it,  over 
which  hooks  the  lug  I on  one  end  of  a double-armed  lever 
or  finger  f.  The  other  end  of  the  lever  f projects  into 
the  paths  of  the  governor  weights  w,  zv  so  as  to  be  struck 
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by  them  when  they  fly  out  too  much,  owing  to  excessive 
speed.  In  this  case  the  lug  I releases  the  jaw  the  rope 

is  locked  to  the  frame,  and  the  safety 
is  put  into  action. 


SAFETY  DRUM. 

11.  Fig.  8 is  a diagram  of  an 
arrangement  often  met  with  on  Otis 
steam  elevators.  A so-called  safety 
drum  5 is  placed  on  the  same  shaft 
as  the  overhead  sheave  H for  the 
hoisting  rope.  Attached  to  this  safety 
drum  are  two  ropes;  one,  the  safety 
rope  i',  runs  down  to  the  levers  of  a 
suitable  car  safety  on  the  car,  and 
the  other  one,  /,  which  is  wound  the 
reverse  way  on  the  drum,  runs  down 
to  the  hoisting  drum;  this  rope  is 
called  the  take-up  rope.  When  the 
car  is  ascending,  the  take-up  rope 
winds  the  safety  rope  on  the  drum  5. 
If  the  hoisting  cable  C should  break, 
the  weight  of  the  car  would  come  on 
the  safety  rope  and  thus  throw  the 
car  safety  into  action.  The  hoisting 
rope  is  generally  also  connected  to 
an  independent  car  safety. 


12.  In  connection  with  the  safety 
drum,  a governor-controlled  brake 
is  generally  used,  which,  if  the  hoist- 
ing rope  should  break,  insures  a gradual  fall  of  the  car, 
thus  giving  the  safety  time  to  act  without  a sudden  shock. 

The  governor  and  brake  are  shown  in  diagrammatic  form 
in  Fig.  9,  where  5 is  the  safety  drum,  B the  brake  pulley, 
and  G a spur  gear  driving  a pinion  P.  From  the  shaft  of 
this  pinion  motion  is  transmitted  to  the  governor  spindle  by 
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bevel  gears,  as  shown.  The  sleeve  of  the  governor  operates 
a bell-crank  lever  L having  a projection  /,  on  which  is  sup- 
ported, by  a hook  //,  the  brake  lever  JV.  It  is  easy  to  see 


that  when  the  governor  balls  fly  out  owing  to  the  excess- 
ive speed  of  the  car,  the  arm  / will  pass  from  under  the 
hook  //,  and  the  weight  on  the  brake  lever  IV  will  apply  the 
band  brake. 

13.  The  different  designs  of  car  safeties  in  actual  use 
are  very  numerous,  but  a person  understanding  the  oper- 
ation of  those  here  described  will  be  able  to  understand  the 
operation  of  most  of  them. 


CARE  OF  CAR  SAFETIES  AND  GUIDES. 

14.  The  importance  of  keeping  car  safeties  and  guides 
clean  and  well  lubricated,  so  that  they  will  promptly  do 
their  duty  when  called  upon,  cannot  be  emphasized  too 
strongly.  Car  safeties  need  adjustment  from  time  to  time. 
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15.  When  the  guide  shoes  are  adjustable,  as  most  of 
them  are,  they  should  be  so  adjusted  that  the  car  will  not 
wabble,  but  they  should  not  be  tight  enough  to  bind  on  the 
guide  rails.  With  spring-actuated  guide  shoes,  such  as  are 
shown  in  Fig.  7 {c),  for  instance,  the  proper  adjustment  is 
easily  accomplished  by  manipulating  the  screw  bolts  u in 
the  same  manner  as  the  bolts  of  a stuffingbox. 

In  the  Otis  wedge  safety  shown  in  Fig.  4,  the  spring  A 
must  be  just  tight  enough  to  prevent  the  wedge  IF  being 
pulled  upwards  when  the  car  is  descending  by  the  guide 
rail  A coming  in  contact  with  it.  A weakness  of  the 
spring  A frequently  causes  wedges  to  rattle.  The  wedge 
should  move  perfectly  free  and  should  be  frequently  exam- 
ined to  see  that  it  does.  If,  when  the  safety  wedges  move 
freely  and  the  springs  A"  are  sufficiently  tight,  the  wedges 
are  still  thrown  into  action  or  rattle  when  the  car  descends, 
the  probability  is  that  one  of  the  cables  has  stretched  or  is 
broken.  Care  must  be  taken  that  all  cables  draw  alike; 
when  they  do,  the  equalizing  lever  G should  be  horizontal, 
as  shown  in  Fig.  4 {a).  In  this  position  the  setscrews  j’,  s' 
should  not  touch  the  finger  //,  but  should  be  so  adjusted  as 
to  touch  and  move  the  finger  when  the  lever  G is  tipped  a 
certain  amount  either  way.  The  governor  should  not  be 
too  sensitive  to  harmless  variations  in  car  speed.  For  this 
reason,  the  governor  rope  r acts  on  the  lever  / through  the 
intermediary  of  a spring,  as  shown  in  Fig.  3.  This  spring 
should  be  just  tight  enough  to  prevent  the  wedges  from 
rattling  when  the  car  is  moving  at  its  normal  speed,  but  not 
tighter,  or  the  usefulness  of  the  governor  will  be  destroyed. 

1(>.  Guides  should  not  be  allowed  to  become  gummy, 
for  in  this  condition  they  are  apt  to  cause  much  trouble; 
they  frequently  cause  the  safety  wedges  to  stick,  to  be 
thrown  into  action  unnecessarily,  or,  at  least,  to  rattle.  The 
governor  should  be  examined  frequently. 

17.  In  case  the  safety  has  acted  and  has  stopped  the 
car,  it  is  of  the  greatest  importance  to  see,  before  unlocking 
the  safety,  that  there  is  no  slack  in  the  hoisting  cable.  If 


§40 


ELEVATORS. 


15 


there  is  slack,  carefully  take  it  up  very  slowly,  reversing  the 
motion  of  the  motor  and  running  it  slowly.  In  hydraulic 
elevators,  this  can  be  done  generally  by  carefully  opening 
the  controlling  valve;  in  electric  elevators,  it  is  better  to 
turn  the  worm-shaft  by  hand.  After  the  slack  has  been 
taken  up,  unlock  the  safety  catches.  Most  safeties  are  so 
arranged  that  they  unlock  automatically  when  the  car  is 
moved  upwards.  Thus,  in  the  Otis  gravity-wedge  safety 
the  wedges  will  drop  back  by  gravity.  In  the  safety  shown 
in  Fig.  5,  the  grip  roller  will  readjust  itself.  In  the  safety 
shown  in  Fig.  7,  the  governor  rope  will  automatically  release 
itself  when  the  car  is  going  up,  but  the  tripping  device 
must  be  readjusted  by  hand.  A hole  in  the  car  flooy  is  pro- 
vided for  that  purpose. 

In  case  the  car  has  been  stopped  above  the  top  landing,  it 
may  become  necessary  to  remove  the  limit-stop  button  on 
the  shipper  rope,  so  that  the  car  may  be  raised  higli  enough 
to  unlock  it.  If  this  should  prove  insufficient,  it  may  even 
become  necessary  to  raise  the  car  by  a tackle. 


AIR  CUSHIONS. 

18.  The  car  safeties  treated  in  Arts.  2 to  17  are 
designed  to  act  immediately  after  the  slacking  or  the  break- 
ing of  a cable,  or  at  the  attainment  of  an  excessive  car 
speed.  If,  when  the  cable  breaks,  the  car  safety  should  fail 
to  work,  owing  to  neglect  or  some  other  cause,  the  car  will 
drop  unretarded  to  the  bottom  of  the  hoistway,  causing 
destruction  of  property  and  the  probable  death  of  the  pas- 
sengers. An  always-ready  means  of  preventing  such  serious 
accidents  is  the  air  cusliioii.  This  may  be  formed  by 
extending  the  hoistway  below  the  lowest  landing  in  the 
form  of  a pit,  which  has  a cross-section  at  its  top  somewhat 
larger  than  the  platform  of  the  car  and  which  gradually 
tapers  towards  the  bottom  to  nearly  the  same  cross-section 
as  the  platform.  When  the  car  falls  into  this  pit,  the  air 
within  it  is  compressed  and  is  forced  out  gradually  around 
the  platform  of  the  car,  thus  letting  the  car  down  gradually. 
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19.  Air-cushion  pits,  in  order  to  be  effective,  should 
have  a depth  equal  to  one-fifth  the  whole  lift  of  the  car, 
that  is,  20  feet  for  each  100  feet  of  hoistway.  The  walls  of 
the  pit  must  be  air-tight,  and  great  care  must  be  used  in 
their  construction.  Owing  to  local  conditions,  it  is  not 
always  possible  to  extend  the  pit  far  enough  below  the 
ground  to  make  it  efficient,  in  which  case  it  may  be  formed 
by  making  the  lower  part  of  the  hoistway  air-tight,  say  for 
one  or  two  stories,  and  providing  it  with  air-tight  doors. 
The  engineer  in  charge  of  the  plant  can  only  see  that  the 
pit  is  not  filled  with  rubbish  and  when  there  any  doors  that 
they  close  air-tight. 


ACCESSOHIES. 


SAFETY  APPEIAIS^CES. 


ELEVATOR  ENCLOSURES. 

20.  The  question  of  elevator  enclosures  is  largely  a 
matter  of  city  ordinances.  In  general,  it  may  be  said  that 
every  possible  means  should  be  taken  to  prevent  accident  to 
passengers  on  the  elevator,  as  well  as  persons  whose  duty 
brings  them  near  elevator  shafts  and  hatchways.  What- 
ever means  are  taken  by  the  builders,  either  of  their  own 
account  or  in  compliance  with  city  ordinances,  it  is  the  duty 
of  the  engineer  in  charge  to  see  to  it  that  all  enclosures  are 
kept  in  proper  condition.  He  should  be  constantly  on  the 
lookout  for  improvements  in  this  line. 

Whenever  possible,  eleyator  enclosures  should  extend 
from  floor  to  ceiling,  to  prevent  anything  that  is  being  car- 
ried on  the  car  catching  between  its  platform  and  the  ceil- 
ing. No  projections  whatever  should  extend  into  the 
hoistway.  If  full  enclosures  are  not  practicable  and  goods 
are  carried  that  are  liable  to  stick  out,  such  as  rods  and  sim- 
ilar articles,  a car  should  be  used  that  is  enclosed  on  at 
least  three  sides. 
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Full  enclosures  need  not  necessarily  be  solid  walls  or  par- 
titions, but  can  be  made  of  lattice,  or  grille,  work  substan- 
tially braced.  As  a matter  of  fact,  solid  walls  for  elevator 
shafts,  while  recommended  by  some  engineers,  are  of  doubt- 
ful value.  An  elevator  shaft  so  constructed  will  act,  in  case 
of  fire,  as  a chimney,  and  will  carry  the  flames  from  one 
floor  to  another.  Besides,  such  shafts  are  apt  to  be  dark 
unless  windows  are  arranged  in  them,  which  make  the  shaft 
more  dangerous  in  case  of  fire.  The  windows  in  such  shafts 
should  be  securely  fastened  and  preferably  covered  with 
wire  screens.  Latticework  enclosures  will  admit  plenty  of 
light.  In  case  enclosures  are  not  carried  up  to  the  ceiling, 
they  should  be  at  least  5 feet  high.  Many  an  accident  has 
occurred  by  people  bending  over  too  low  enclosures  to  look 
for  the  car,  which  then  struck  them  while  coming  down. 
Passenger-elevator  enclosures  are  usually  made  of  artistically 
formed  wrought  iron  and  are  intended  as  an  ornament  to 
the  building  in  addition  to  their  usefulness.  They  are  gen- 
erally expensively  varnished  and  should,  therefore,  be 
treated  with  care.  They  should  be  cleaned  with  a feather 
duster  and  soft  rags.  The  use  of  gritty  substances,  soap, 
or  oil  should  be  avoided.  They  should  be  revarnished  from 
time  to  time,  especially  after  repairs  have  been  made. 


ELEVATOR  DOORS. 

21,  Requirements. — Elevator  doors  should  always  be, 
if  possible,  sliding  doors  or  gates  so  hung  that  they  will 
operate  very  freely.  They  should  be  provided  with  latches 
or  locks  that  can  be  opened  only  from  the  inside  of  the  shaft, 
but  they  should  open  easily;  that  is,  without  requiring 
much  exertion  on  the  part  of  the  operator.  Self-closing 
doors  are  to  be  preferred.  The  operator  should  not,  however, 
rely  on  these  self-closing  devices,  but  should  always  make 
sure  that  the  door  is  closed  before  he  leaves  the  landing 
with  his  car.  He  will  and  should  be  held  strictly  responsi- 
ble for  accidents  due  to  doors  having  been  left  open. 
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FIG.  10. 
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ELEVATORS. 


23.  Self-Opening  and  Self-Closing  Elevator  Doors. 

Various  devices  are  used  by  different  manufacturers  to 
make  an  elevator  door  self-opening  and  self-closing.  These 
devices,  in  general,  have  for  their  object  the  automatic 
closing  and  locking  of  the  door  immediately  upon  the  eleva- 
tor car  leaving  a landing,  and,  in  addition,  are  so  designed 
that  the  operator  can  open  or  close  the  door  at  will  without 
touching  it  while  the  car  is  at  one  of  its  landings  and  at  rest. 

23.  The  elevator-door  operating  device  made  by  the 
Winslow  Brothers  Company,  Chicago,  Illinois,  is  shown  in 
Fig.  10.  The  operation  of  this  device  is  purely  mechanical, 
the  door  being  moved  either  way  by  a friction  cone  engaging 
either  side  of  a suitable  bar  rigidly  connected  to  the  door. 
The  construction  of  the  device  is  as  follows:  The  door  a is 
supported  by  rollers  b upon  a level  track  c having  a 
V groove  planed  in  it  to  receive  the  V-shaped  rollers.  This 
arrangement  prevents  any  side  motion  of  the  door.  The 
so-called  traction  plane  d is  rigidly  attached  to  the  two 
door  hangers  that  carry  the  rollers.  A vertical  shaft  e car- 
rying a friction  cone  f and  also  a cone-operating  device  at 
the  top  of  each  landing  extends  from  the  top  to  the  bottom 
of  the  elevator  shaft  and  is  continually  revolved  by  a small 
electric  motor,  or  from  some  other  source  of  power  by 
belting.  The  so-called  swing  bar  g is  pivoted  to  a bracket  h 
that  is  rigidly  fastened  to  the  transom  above  the  door;  the 
swing  bar  carries  a bushing  so  fitted  as  to  allow  it  to  swing 
a little.  The  revolving  shaft  which  owing  to  its  length  is 
quite  flexible,  passes  through  the  bushing  of  the  swing  bar, 
the  said  bushing  forming  a journal  for  the  shaft.  The  free 
end  of  the  swing  bar  carries  the  adjustable  buffer  i intended 
to  come  in  contact  with  a vertical  shoe  placed  on  top  of  the 
car.  This  vertical  shoe  can  be  thrown  forwards  so  as  to 
press  against  the  buffer,  and  hence  can  be  made  to  swing 
the  swing  bar  around  its  pivot  by  a treadle  in  the  car 
operated  by  the  foot  of  the  operator. 

The  traction  plane  is  slotted,  the  slot  being  beveled  and 
wider  at  the  bottom;  by  pressing  the  buffer  i away  from  the 
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car  the  friction  cone  will  be  pressed  against  the  side  of  the 
slot  nearest  the  transom  and  the  revolving  cone  will  thus 
open  the  door. 

As  soon  as  the  operator  removes  his  foot  from  the  treadle, 
the  shoe  on  the  top  of  the  car  will  move  away  from  the 
buffer  i and  the  shaft  will  spring  back,  bringing  the  friction* 
cone  against  that  side  of  the  slot  in  the  traction  plane  that 
is  farthest  from  the  transom;  the  revolving  cone  will  then, 
by  its  friction  against  the  surface  with  which  it  engages, 
cause  the  door  to  close. 

As  has  just  been  explained,  the  door  closes  whenever  the 
shoe  on  the  top  of  the  car  is  moved  out  of  contact  with  the 
buffer  i.  This  shoe  is  quite  short;  consequently,  should 
the  operator  forget  to  remove  his  foot  from  the  treadle  in 
the  car  when  starting  the  elevator,  the  movement  of  the  car 
will  very  quickly  take  the  shoe  vertically  out  of  engagement 
with  the  buffer  i\  the  revolving  shaft  e will  then  immedi- 
ately spring  back  to  its  normal  position  and  the  door  will  be 
closed  automatically. 

The  door  is  held  open  automatically  while  the  car  is  at  a 
landing  by  virtue  of  a recess  in  the  end  of  the  traction  plane 
into  which  the  fribtion  cone  passes  after  opening  the  door. 
The  door  after  closing  is  locked  automatically  by  a catch  k. 

24,  The  Burdett-Rowntree  Manufacturing  Company  use 
a horizontal  pneumatic  ram  at  each  landing  to  automati- 
cally open  and  close  the  door.  The  piston  of  the  ram  is 
attached  by  a link  to  a long  swinging  lever  connected  to  the 
door,  and  as  the  ram  piston  moves  one  way  or  the  other  it 
carries  the  door  with  it.  The  device  is  so  designed  that  the 
door  is  always  held  closed  until  the  car  is  at  a landing,  when 
the  operator,  by  pressing  on  a treadle,  throws  a movable 
vertical  shoe  against  a suitable  part  of  the  valve  gear. 
This  operation  unlocks  the  door  and  admits  air  under  pres- 
sure to  one  side  of  the  piston  in  the  ram  cylinder,  at  the 
same  time  opening  the  other  side  to  the  exhaust.  The  door 
now  opens,  and  when  wide  open  can  be  kept  so  by  a finger 
lock  as  long  as  the  car  is  at  rest.  Whenever  the  operator 
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removes  his  foot  from  the  treadle,  or  unlocks  the  finger 
lock,  or  starts  the  car  either  way  without  having  closed  the 
door,  the  door  closes  automatically  by  reason  of  the  valve 
gear  operated  by  the  shoe  on  the  car  returning  immediately 
to  its  normal  position. 

25.  Car-Locking  Device. — With  elevator  doors  that 
are  operated  directly  by  hand  by  the  operator,  a car-locking 
device  is  sometimes  used  that  automatically  holds  the  car  in 
position  at  its  landings  and  only  releases  the  car  when  the 
door  is  fully  closed.  While  such  devices  are  called  car- 
locking devices,  it  must  not  be  inferred  that  they  lock  the  car 
itself  to  the  landings  or  to  the  guides;  instead  they  lock  the 
operating  device  in  the  car  so  that  the  operator  cannot 
move  it  to  start  the  car  in  case  the  door  has  been  left  open. 

26.  Fig.  11  shows  the  car-locking  device  designed  by 
Messrs.  I.  S.  Muckle  and  W.  H.  B.  Teamer.  In  Fig.  11  (a), 
the  car  A is  shown  at  one  of  its  landings  and  at  rest,  in 
which  position  the  operating  device  F occupies  its  central 
position.  The  door  D is  unlatched  and  opened,  as  shown  in 
Fig.  11  (b)  and  (<:) ; the  operating  device  in  the  car  is  then 
locked. 

The  following  description  of  the  device  is  partially  taken 
from  the  patent  specifications:  Secured  to  one  of  the  floor- 
beams  within  the  elevator  well  is  a spring  latch  A,  which  is 
bent  as  shown  in  Fig.  11  (a),  and  extends  up  into  the  path 
of  an  arm  d secured  to  the  door  D.  This  arm  is  notched 
at  to  receive  the  spring  latch  E when  the  door  is  closed. 
When  the  latch  is  in  the  notch  of  the  arm  of  the  door,  the 
latter  cannot  be  moved  until  the  latch  is  pushed  out  of  the 
notch  by  the  mechanism  carried  by  the  car;  the  door  will 
then  be  free  to  be  opened. 

A pinion  is  keyed  to  the  shaft  /,  of  the  operating  device 
in  the  car  and  meshes  with  a gear  turning  on  the  stud  f^. 
A crankpin  on  this  gear  is  connected  by  a rod  to  the 
lever  pivoted  at  to  a bracket  fastened  to  the  bottom 
of  the  car.  A bearing  on  the  bottom  of  the  car  carries  a 
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slide  A^,  and  this  slide  is  connected  to  the  lever  by  a rod  a^. 
It  is  readily  seen  that,  by  virtue  of  the  manner  in  which  the 
parts  are  connected,  the  slide  will  be  in  its  extreme  outer 
position  when  the  operating  device  is  in  its  central  position, 
as  shown  in  Fig.  11  {a).  The  slide  A,  carries  a roller  that 
engages  with  the  spring  latch  £ and  forces  it  out  of  the 
notch  of  the  arm  d carried  by  the  sliding  door,  releasing 
the  latter. 

It  is  seen  from  the  above  description  that  the  combination 
of  the  slide  A^  with  the  operating  device  constitutes  a mech- 
anism adapted  to  release  the  sliding  door  whenever  the 
operating  device  is  moved  to  stop  the  car,  that  is,  is  moved 
to  its  central  position. 

It  will  now  be  shown  how  the  operating  device  is  rendered 
inoperative,  i.  e.,  how  the  operator  is  prevented  from  start- 
ing the  car  while  the  door  is  open.  On  the  face  of  the 
elevator  well,  to  one  side  of  the  spring  latch  A,  is  a plate  G 
carrying  a stud  ^ on  which  is  hung  a three-armed  lever. 
The  arm  of  this  lever  extends  in  the  path  of  an  arm 
depending  from  the  door,  so  that  the  opening  of  the  door 
allows  the  lever,  under  the  influence  of  the  weight  to  turn 
to  the  position  shown  in  Fig.  11  {b).  In  this  position  the 
arm  of  the  lever  has  passed  behind  a flange  of  the  slide  A , 
and  prevents  the  slide  from  being  drawn  towards  the  car. 
Consetjuently,  the  operator  cannot  move  his  operating  device 
to  start  the  car,  since  this  can  only  be  moved  when  the  slide  A , 
is  free.  On  closing  the  door,  the  dependent  arm  d^  of  the 
door  engages  the  arm  and  turning  the  lever  about  its 
fulcrum  g moves  the  arm  g^  out  of  the  way  of  the  flange 
on  Aj,  thus  unlocking  the  slide  and  hence  the  operating 
device. 


TRAP  DOORS. 

27.  In  many  instances  it  is  impractical  to  erect  enclosures 
of  any  kind,  as,  for  instance,  when  the  elevator  is  located  in 
the  center  of  a warehouse  and  must  be  accessible  from  all 
sides.  In  such  a case,  the  holes  in  the  floors  through  which 
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the  car  passes  must  be  kept  covered  and  must  be  uncovered 
only  to  let  the  car  pass.  This  is  best  done  automatically  in 
some  such  manner  as  is  shown  in  F ig.  12.  The  car  is  provided 


Fig.  12. 


with  an  iron  rail  R.  The  arch-shaped  upper  part  of  this  rail 
gradually  opens  the  trap  doors  when  the  car  ascends,  and 
the  curvature  of  the  under  part  lets  them  down  gently  when 
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the  car  descends.  To  open  the  trap  doors  when  the  car 
descends,  the  rail  R strikes  with  its  lower  portion  bell- 
cranks  C,  C that  are  suitably  connected  to  the  door  by 
rods  D,  D. 


INDICATORS  AND  SIGNALS. 


INTRODUCTION. 

28.  Signals  must  be  considered  in  many  cases  as  a neces- 
sary element  of  safety,  especially  in  freight  elevators  with 
insufficient  enclosures  or  trap-door  elevators.  Electric  bells, 
one  on  each  floor,  so  arranged  that  they  commence  and  con- 
tinue to  ring  while  the  elevator  passes  the  floor,  are  excellent 
safeguards ; they  not  only  warn  persons  against  the  approach- 
ing car,  but  tend  towards  the  prevention  of  any  attempt  being 
made  to  operate  the  elevator  from  two  floors  at  the  same 
time. 

29.  For  passenger  service,  a signal  is  necessary  to  com- 
municate with  the  operator  in  the  car  from  each  floor.  This 
is  done  very  simply  by  means  of  a so-called  annmiciator 
placed  in  the  car  and  a push  button  on  each  floor  near  the 
elevator  door.  Where  the  traffic  is  but  slight,  this  means  of 
communication  is  satisfactory  enough ; but  where  the  service 
is  rapid,  it  proves  insufficient.  Generally  in  such  cases  there 
are,  at  least,  two  elevators  running  all  the  time,  one  going 
up,  the  other  down,  and  the  would-be  passenger  should  know 
which  one  to  signal.  For  this  purpose,  so-called  indicators 
have  been  devised,  which  show  on  each  floor  simultaneously 
the  whereabouts  of  the  car  and  whether  it  is  going  up  or 
down. 


MECHANIC A.U  INDICATOR. 

30.  A simple  mechanical  device  of  this  kind  is  shown  in 
Fig.  13.  On  the  shaft  A of  the  overhead  sheave  is  mounted 
a worm  D meshing  with  a worm-wheel  E that  is  mounted 
on  a shaft  F.  This  shaft  carries  a chain  wheel  /,  from 
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which  motion  is  transferred  by  a chain  N and  rods  T down 
the  elevator  shaft  to  each  floor.  The  rods  T are  guided  in 
plates  fF,  one  on  each  floor,  and  carry  arms  Z.  From 
these  arms  cords  are  carried  over  idlers  A,  X mounted  on  the 


plates  fFand  around  small  sheaves  /in  dial  plates  i attached 
at  conspicuous  places  near  the  elevator  doors.  It  will  be 
understood  that  as  the  car  travels  up  or  down,  the  dial  hand 
will  move  over  the  figures  displayed  on  the  dial  and  thus 
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indicate  the  position  of  the  car.  The  apparatus  is  made 
self-adjusting  to  rectify  any  disarrangement  due  to  slipping 
of  the  chain. 

The  wheel  / only  makes  a part  of  a revolution.  It  is 
provided  with  lugs  /^and  Q that  strike  a stop  .S'  fixed  to  the 
frame  of  the  machine  as  the  car  reaches  its  uppermost  or 
lowermost  positions,  respectively.  In  case  the  apparatus  has 
become  deranged  and  indicates  wrong,  the  one  or  the  other 
of  the  lugs  Q will  strike  the  stop  .S'  before  the  car  reaches 
its  extreme  point  of  travel  and  will  bring  the  chain  wheel  I 
to  a stop.  On  the  return  trip,  the  apparatus  will  then  be 
readjusted.  The  chain  wheel  proper  is  mounted  loosely  on 
its  shaft  A and  is  clamped  thereto  by  friction  disks  J fast 
to  the  shaft  and  leather  washers  Z,  L. 


ELECTRIC  SIGXALS  AX1>  IXEICATORS. 

31.  The  enormous  traffic  that  has  to  be  handled  in  the 
large  office  buildings  has  called  for  still  more  elaborate 
means  of  signalling  than  those  afforded  by  annunciators  and 
indicator  dials.  In  such  buildings  the  service  is  practically 
continuous  and  very  swift ; the  operator  has  no  time  to  con- 
sult an  annunciator  to  find  out  on  which  floor  passengers 
are  waiting.  On  the  other  hand,  a passenger  standing  in 
front  of  a row  of  swift-running  elevators  and  wishing  to  get 
the  next  car  would  have,  if  he  were  to  consult  indicator 
dials,  to  patrol  up  and  down  in  front  of  the  elevator  doors, 
and  would  be  likely  to  miss  several  cars  running  in  the  direc- 
tion in  which  he  wants  to  go. 

32,  The  usual  plan  followed  in  such  cases  is  to  provide 
a signal  which,  when  operated  by  the  passenger,  will  be 
noticed  by  the  operator  on  every  car  of  the  series  early 
enough  for  him  to  stop  at  the  particular  floor  where  the  sig- 
nal was  given.  The  first  car  conductor  answering  the  signal 
then  destroys  all  the  signals  in  the  other  cars.  This  plan 
has  been  successfully  carried  out  in  the  Armstrong  system, 
handled  by  the  Elevator  Supply  and  Repair  Company,  of 
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New  York.  This  system  operates  as  follows:  There  are 

several  push-button  plates  of  two  buttons,  the  one  marked 
tip  and  the  other  dozvn,  conveniently  located  on  each  floor. 
Over  each  elevator  door  is  a double-light  electric  lantern, 
one  light  marked  up  and  the  other  doivn.  A passenger 
desiring  to  signal  the  first  car  of  a bank  of  elevators,  pushes 
either  the  “ up  ” or  “down”  button.  This  sets  the  signal, 
and  when  the  first  car  moving  in  the  direction  the  passenger 
wishes  to  go  reaches  a point  about  three  floors  distant  from 
that  on  which  he  is  standing,  the  lamp  in  the  “ up  ” or 
“down”  compartment  of  the  signal  lantern  on  the  outside 
of  the  elevator  enclosure  is  automatically  illuminated. 
When  the  first  car  approaching  the  waiting  passenger  going 
in  the  direction  he  wishes,  either  up  or  down,  reaches  a 
point  about  one  floor  distant,  the  “operator’s  signal”  is 
flashed,  giving  him  ample  time  to  stop  his  car  before  run- 
ning past  the  floor.  The  operator’s  signal  is  a small  lamp 
inside  the  car  constantly  in  sight.  The  lamps  in  both  the 
lantern  and  car  fixture  remain  illuminated  until  the  car  has 
left  the  floor  from  which  the  signal  was  given. 

There  can  be  no  confusion  of  signals,  because  the  operator 
can  never  have  but  one  signal  at  a time.  Moreover,  the 
system  is  entirely  automatic.  It  allows  the  operator  the 
free  use  of  his  hands  and  he  can  thus  give  all  his  attention 
to  the  control  of  the  car  and  the  safety  of  his  passengers. 
When  no  signal  light  appears  in  the  car,  the  operator  can 
run  at  full  speed,  knowing  that  no  passengers  are  waiting. 
Should  the  first  car  that  receives  the  signal  be  fully  loaded 
and  therefore  unable  to  stop  for  more  passengers,  the  opera- 
tor may  transfer  the  signal  to  the  next  car  by  pushing  a 
button. 

All  this  is  accomplished  by  means  of  so-called  commuta- 
tors, one  for  each  elevator,  placed  at  the  top  of  the  shaft 
and  run  by  a belt  or  chain  from  a pulley  on  the  overhead 
sheave  shaft,  in  connection  with  a number  of  electromagnets 
corresponding  to  the  number  of  floors  in  the  building.  We 
forego  a detailed  description  of  the  apparatus  and  the  elec- 
trical connections  thereof,  since  once  installed,  the  apparatus 
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needs  never  to  be  disturbed.  The  engineer  in  charge 
should  see  to  it  that  the  contacts  are  kept  clean  and  that 
the  mercury  cups  used  to  make  the  various  circuits  have 
the  proper  amount  of  mercury.  The  current  for  the  push- 
button circuits  is  furnished  by  a small  motor-dynamo  trans- 
forming an  ordinary  110-volt  lighting  circuit  to  one  of  about 
10  volts.  This  motor-dynamo,  of  course,  needs  an  occasional 
inspection,  just  the  same  as  the  other  machinery.  The 
current  for  the  lanterns  is  taken  from  the  lighting  circuit 
direct. 


ESCALATOllS. 

33.  The  name  escalators  has  of  late  appeared  in  the 
terminology  of  elevator  practice  for  what  are  commonly 
known  as  moving:  stairways.  These  moving  stairways 
are,  properly,  not  to  be  classed  among  elevators,  being  con- 
structed upon  entirely  different  principles  and  are  mentioned 
here  only  for  sake  of  completeness  and  for  the  reason  that 
they  are  destined  to  take  the  place  of  elevators  in  many 
instances.  Thus  it  has  been  found  that  for  short  lifts,  say 
one  or  two  stories  high,  and  where  great  numbers  of  people 
are  to  be  transported,  that  adequate  elevator  capacity  can 
be  had  only  at  great  expense  and  sacrifice  of  floor  space  out 
of  keeping  with  the  profits  accruing  therefrom. 

The  moving  stairway  consists  of  an  endless  chain,  to  which 
are  attached  steps  in  such  a manner  that  they  form  steps 
like  those  of  an  ordinary  stairway.  By  an  arrangement  of 
cams,  guide  rails,  and  rollers  these  steps  form  a plane  sur- 
face at  the  bottom  and  top  landing.  The  accompanying 
sketch.  Fig.  14,  will  convey  the  idea.  It  represents  one  of 
the  latest  designs  of  this  class  of  passenger-transportation 
machinery  built  by  the  Otis  Elevator  Company,  New  York. 
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